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Compositions And Methods For Treating Diseases and Disorders Using Harryflintia
Acetispora
RELATED APPLICATIONS
i1 This application clatms the benctit of prionty to U.S. Provisional Patent Applications
having serial numbers 63/037,882, filed June 11, 2020, and 63/091,013, filed Gctober 13,

2020, the contents of each are hereby incorporated by reterence in their entirety.

SUMMARY

21 Provided herem are methods and compositions related to the use of Harryflintia
acetispora bacteria and/or microbial extracellular vesicles (mEVs) from Harryflintia
acefispora bacteria in the treatment and/or prevention of a discase or a health disorder (2.g..
a cancer, an antoummune discase, an inflammatory discase, a dyvsbiosis, and/or a metabolic
disease). As disclosed herein, certain types of mEVs such as secreted microbial extracellular
vesicles (smEVs) or processed microbial extracellular vesicles (pmEVs) obtained from
Harryflintia acetispora bacteria have therapeutic effocts and are usetul for the treatment
and/or prevention of a disease or a health disorder {e.g.. a cancer, an autoimmune disease, an
nflammatory disease, a dyshiosts, and/or a metabolic disease).

13 in certain aspects, provided herein are pharmaceutical compositions comprising
Harryflintia acetispora bactena, Harryflintia acetispora mEVs (such as smEVs and/or
prufEVs), or any combmation thereof.

{4} In some embodiments, a phamaceutical composttion provided herein comprises
Harryflindia acetispora bacteria (¢ g., live bacteria, killed bactenia, attenuated bactenia). In
some embodiments, a pharmaceutical composition comprises Harryflintia acetispora raEVs
{such as smEVs and/or pmEVs). For example, in some embodiments, a pharmaceutical
composition comprises Harryflintia acefispora smEVs. In some embodiments, a
pharmaceutical composition comprises Harryflintia acetispora pmEVs. In some
embodiments, a pharmaceutical composition comprises Harryflintia acetispora smEVs and
Harryflintia acetispora pmEVs. In some embodiments, a pharmaceutical composition
comprises Harryflintia acetispora bacteria and Harryfiintia acefispora mEVs {such as
smEVs and/or pmEVs). For example, 1o some embodiments, a pharmaceutical composition
comprises Harryflintia acetispora bacteria and Harryflintia acefispora smEVs. In some
embodiments, a pharmaceutical composition comprises Harryflintia acetispora bacteria and

Harryflintia acetispora pmEVs. In some embodiments, a pharmaceutical composition
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compriscs Harryflintia acetispora bacteria, Harvyfliniia acetispora smEVs, and Harvvflintia
acetispora pmEVs.

51 A pharmaceutical composition comprising mEVs can contain smEVs, pmEVs ora
combination of both.

{6} In some emboduments, the Harryflintia acetispora strain 1s a strain comprising af
least 80%, at least 85%, at least 90%, at least 3%, at least 96%. at least 97%, at least 989,
or at least 99% sequence wdentity (¢.g., at least 99.5% sequence identity, at least 99.6%
sequence identity, at least 99.7% sequence identity, at least 99.8% sequence dentity, at least
99 9% sequence identity} to the nuclestide sequence {e.g., genomic sequence, 165 sequence,
and/or CRISPR sequence) of the Harryvflintia acefispora Strain A (ATCC Deposit Number
PTA-126694),

7 In some embodiments, the Harryflintia acetispora strain 18 a strain comprising at
least 80%, at least 85%, at least 909, at least 93%, at least 96%. at least 97%, at least 989,
or at least 99% 168 sequence identity {¢.g., at least 99.5% sequence identity, at least 99.6%
sequence identity, at least 99.7% sequence identity, at least 99.8% sequence dentity, at least
99.9% sequence identity) to SEQIDNG: L

{81 in some embodiments, the Harrvflintia acetispora strain 1s the Harryflintia
acefispora Strain A (ATCC Depostt Number PTA-126694).

9] In some embodiments, a pharmaceutical composition comprises at least 1 x 105, I x
107, or 1 x 10% colony forming units (CFUsY of Harrvflintia acetispora {¢.g., Harryflintia
acetispora Strain A} whole bacteria.

{181 Insome crabodiments, a pharmaceutical composition comprises 1 x 10%t0 1 x 167
total cells {e.g., as determimed by total cell count {TCTY of Harrvflintia acetispora {e.g.,
Harryflintia acefispora Strain A) whole bacteria. In some cmbodiments, a pharmaceutical
composition comprises at feast 1 x 10°, 1 x 107, 1 x 10%, 1 x 10°, 1 x 1OP° 1 x 10 or [ x
1077 total cells {e.g., as determined by total cell count (TCCY) of Harryflintia acetispora
{c.g., Harryflintia acetispora Strain A} whole bactena.

{11} In some cmbodiments, the whole bacteria may be hive, killed, attenuated, lyophilized,
ot irradiated (¢.g.. UV or ganuna uradiated}.

{121  In some embodiments, a phammaceutical composition comprises scoreted mEVs
(smEVs}.

{131  In some embodiments, a pharmaceutical composition comprises processed mEVs

{pmEVs).
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{14} In some embodiments, a phammaceutical composition comprises pmEVs and the
pmEVs are produced from hive bacteria. In some embodiments, the pmEVs are produced
from dead bacteria. In some embodiments, the pmEVs are produced from bacteria that have
been gamma tradiated, UV irradiated, heat inactivated, acid treated, or oxygen sparged. In
some embodiments, the pmEVs are produced from non-replicating bacteda.

{15} In some embodiments, a pharmaceutical composition comprises mEVs {such as
smEVs and/or pmEVs) that are lvophbilized {c.g., the lyophilized product further comprises a
pharmaceutically acceptable excipient}. In some embodiments, the mEVs {such as smEVs
and/or pmEVs} are gamma irradiated. In some embodiments, the mEVS (such as smEVs
and/or poEVYs} are UV irradiated. In some embodiments, the mEVs (such as smEVs and/or
pmEVs) are heat inactivated (e.g., at 50°C for two hours or at 90°C for two hours). In some
embodiments, the mEVs (such as smEVs and/or pmEVs) are acid treated. In some
cembodiments, the mEVs (such as smEVs and/or pmEVs} are oxyveen sparged {(e.g., at 0.1
vvm for two hours).

{16} In some crubodiments, a pharmaceutical composition comprises a dose of mEVs

(such as smEVs and/or pmEVs) fabout 2x10° to about 2x10%° particles (e.g., wherein

particle count is determined by NTA (nanoparticle tracking analysis)). In some
embodiments, the dose of mEVs (such as smEVs and/or pmEVs) is about 1x107- about

1x10" particles, ¢.g., as measured by NTA. Tn some embodiments

&,

a pharmaceutical
composition comprises a dose of mEVs {such as smEVs and/or pmEVs) of about 5 mg to
about 900 mg total protein {¢.g., wherein total protein is determined by Bradford assay or
BCA assay).

{17} In certain aspect, a pharmaceutical composition provided herein comprises
Harryflintia acefispora microbial extracellular vesicles (mEVs) (such ag smEVs and/or
pmEVs) and Harryflintia acefispora bactena,

(18] In some embodiments, the pharmaceutical composition comprises smEVs and the
smEVs are produced from live bacteria. In some embodiments, the pharmaceutical
composition comprises smEVs and the smEVs are produced from a high yicld strain of
Harryflintia acetispora bacteria. Tn some embodiments, the high vield strain produces at
teast 3x 109 mEVs per liter from a bioreactor-grown culture.

{191  In some embodiments, the pharmaceutical composition comprises smEVs and the

smEVs are from one strain of Harrvflintia acetispora bacteria.
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In some embodiments, the pharmaceutical composttion comprises mEVs and the

s are from one strain of Harryflintia acetispora bacteria.
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50%, 31%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%,
65%, 66%, 67%, 68%, 69%, T0%, T1%, 72%, 73%, T4%, 75%, 76%, T7%, T8%, 79%, 8(%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%. 90%, 91%, 92%, 93%, 94%, 95%. 96%,
97%, 98% or 99% of the total proteins in the pbarmaccutical composition are Harryflintia
acetispora bactena proteins.

{25} In some embodiments, a phaomaceutical composition comprises at feast, about, or uo
more than 1%, 2%, 3%, 496, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%,
17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%,
34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%
499%, 50%, 51%. 52% , L 37%. 58%, 59%, 60%, 61%, 62%, 63%. 64%
%, 69%, 70%, T1%, 72%, T3%, 74%, 75%, T6%., T7%, 78%, 79%, 80%,

8
84%, §3%, 86%, 87%, 8%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

87%, 98% or 99% of the total lipids in the pharmaceutical composition are Harrvflintia
acetispora mEVs.

{26} In some crubodiments, a phammaceutical composition comprises at least, about, or no
more than 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%,
17%, 18%, 19%., 20%, 21%, 22%. 23%, 24%, 25%. 26%, 27%, 28%. 29%, 30%, 31%, 32%
33%, 34%, 35%., 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%. 45%, 46%, 47%, 48%,
55%, 56%, S7%, 58%, 59%, 60%, 61%, 62%,
65%, 66%, 67%, 68%, 69%, T0%, Ti%, 72%,
81%, B2%, 83%, 84%, 83%, 86%, 87%, 88%, 89%
97%, 98% or 99% of the total hipids in the pharmaceutical composition are Harryflintia
acetispora bacteria lipids.

127} In certain aspects, a pharmaceutical composition provided herein comprising
Harryflintic acetispora bactenia, mEVs (such as smEVs and/or pmEVs), or any combination
thereof, can be used for the treatrment or prevention of a disease. In some embodiments, the
disease s an immune disorder (e.g., a cancer, an autotmmaune disease, an inflammatory
discase, or a metabolic discase), an inflammatory disorder {(¢.g., dermatitis), a cancer {¢.g.,
colorectal cancer), or a dysbiosis.

28]  In certain ecmbodiments, provided herein are methods of treating a subject who has
cancer comprising administering to the subject a pharmaceutical composition described

herein,
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291  In certain emboduments, provided herein are methods of treating a subject who has
dysbiosis comprising administering to the subject a pharmaceutical composition described
herein. In certain embodiments, provided herein are methods of treating a subject who has
an founune disorder {e.g., an autoinwoune discase, an inflammatory disease, an allergy)
comprising administering 1o the subject a pharmaceutical composition described herein. Tn
certain embodiments, provided herein are methods of treating a subject who has a metabolic
discase comprising administering to the subject a pharmaceutical composition described
heren, In certaim embodiments, provided herein are methods of treating a subject who has a
neurologie disease comprising administering to the subject a pharmaceutical composition
described herein. In some embodiments, the pharmaceutical composition described herein is
adounistered once a day. In some embodiments, the pharmaceutical composition described
heremn 1s admunistered twice a day. In some embodiments, the pharmaceutical composition
described herein is formmdated for a daily dose. In some embodiments, the pharmaceutical
composition described herein is formulated for twice a day dose, wheretn each dose 15 half
of the daily dose.

{30}  In preferred embodiments, a pharmaceutical composition provided herein induces an
immune response. In some embodiments, a pharmaceutical composition activates innate
antigen presenting cells.

(311 In some embodiments, a pharmaceutical composition provided herein has one or
more beneficial immune effects outside the gastrotntestinal tract, ¢.g., when orally
administered. In some embodiments, a pharmaceutical composition modulates immune
cffects outside the gastromtestinal tract in the subject, ¢.g., when orally admuustered.

{32} In certain aspects, a pharmaceutical composition provided herein comprising
Harryflintia acefispora bacteria, mEVs {such as smEVs and/or pmEVs}, or any combination
thereof, 1s formulated for oral, rectal, sublingual, topical intradermal, mtraperitoneal, or
subcutaneous administration.

{331 In some embodiments, a pharmaceutical composition provided herein comprising
Harryfliniia acetispora bacteria, mEVs (such as smEVs and/or pmeEVs), or any combination
thereof, can be prepared as powder {e.g., for resuspension) or as a solid dose form, such as a
tablet, a minitablet, a capsule, a pill, or a powder; or a combination of these forms {¢.g.,
minitablets comprised in a capsule). In some embodiments, the pharmaceutical composition

further comprises a pharmaceutically acceptable excipicnt.

6



WO 2021/252860 PCT/US2021/036956

{34}  In some embodiments, a phammaceutical composition provided herein can comprise
tyophitized Harryfiintia acefispora bacteria, mEVs {sach as smEVs and/or pmEVSs), or anv
combination thereof. The lvophilized Harryflintia acetispora bacteria, mEVs (such as
smEVs and/or praEVs), or any combination thereof, can be formulated mto a solid dose
form (optionally comprising an enteric coating}, such as a tablet, a nunitablet, a capsule, a
pifl, or a powder; or can be resuspended in a solution (optionally further comprising a
pharmaceutical excipient (e.g., sucrose or glucose)).

{331  In some embodiments, a phammaceutical composition provided herem can comprise
gamma irradiated Harryflintia acetispora bacteria, mEVs (such as smEVs and/or pmEVs),
or any combination thereot. The gamma trradiated Harryflintia acetispora bacterta, mEVs
(such as smEVs and/or proEVs), or any combmnation thereof, can be formulated into a solid
dose form (optionally comprising an enteric coating), such as a tablet, a nunitablet, a
capsule, a pill, or a powder; or can be resuspended in a solution {optionally further
comprising a pharmaceutical excipient {e.g., sucrose or glucase)).

{36} In some crubodiments, a phammaceutical composition provided herem comprising
Harryflintia acetispora bacteria, mEVs (sach as smEVs and/or pmEVs}, or any combination
thereof, can be orally administered. Tn some embodiments, a pharmaceutical composition
provided herein comprising Harryflinfia acetispora bacteria, mEVs {such as smEVs and/or
pmBEVs), or any combination thereof, can be topically administered. In some embodiments, a
pharmacentical composition provided herein comprising Harryfiintia acetispora bacleria,
mEVs (such as smEVs and/or pmEVSs), or any combination thereof, can be administered
ntravenously. To some embodiments, a phanvaceutical composition provided herein
comprising Harryflintia acefispora bacteria, mEVs {sach as smEVs and/or pmEVs), or any
combination thereof, can be administered intratumorally or subtumorally, ¢ g., 1o a subject
who has a tumor.

137} In cortamn aspects, provided herein are methods of making and/or identifving
Harryflintia acetispora bacteria, mEVs (such as smEVs and/or pmEVs), or any combination
thercof, that are useful for treatment and/or prevention of a discase.

[38] In some cmabodiments, the mEVs (such as smEVs and/or pmEVs), bactena, or any
combination thereof, are obtained from Harryflintia acetispora bacteria that have been
selected based on certain desirable properties, such as reduced toxicity and adverse effects
{c.g., by removing or deleting lipopolysaccharide (LPS)), enhanced oral delivery (e.g., by

improving acid resistance, muco-adherence and/or penetration and/or resistance to bile

7
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acids, resistance to anti-nucrobial peptides and/or antibody neutralization), target desired
cell types {e.g., M-cells, goblet cells, enteroeytes, dendritic cells, macrophages), improved
bioavailability systemically or in an appropriate niche {¢.g., mesenteric lvmph nodes,
Peyer’s patches, lamina propria, tumor draining tvmph nodes, and/or blood), enhanced
immunomodulatory and/or therapeutic effect {e.g., either alone or in combination with
ancther therapewutic agent). enhanced immune activation, and/or manufacturing attributes
{c.g., growth charactenstics, vield, greater stability, improved freeze-thaw tolerance, shorier
generation Umes).

{397 In some embodiments, the mEVs (such as smEVs and/or pmEVs) are from
engineered Harryfliniia acetispora bacteria that are modified to enhance certain desirable
properties. In some embodiments, the enginecred Harrvflintia acetispora bacteria are
modified so that mEVs (such as smEVs and/or pmEVs)}, bacteria for pharmaceutical
composition, of any combination thereof, produced therefrom will have reduced toxicity and
adverse effects (e.g.. by removing or deleting lipopolysacchande (LPS}), enhanced oral
delivery {e.g., by improving acid resistance, muco-adherence and/or penetration and/or
resistance to bile acids, resistance to anti-microbial peptides and/or antibody nestrabization),
target desired cell types {e.g., M-cells, goblet cells, enterocyies, dendritic cells,
macrophages), improved bioavatlability svstenucally or in an appropriate niche {¢.g.,
mesenteric lymph nodes, Pever’s patches, lanuna propria, tumor draining lvmph nodes,
and/or blood), enhanced tmnumomodulatory and/or therapeutic effect {¢.g., either alone orin
combination with another therapeutic agent), cnhanced immune activation, and/or improved
manutactuning attributes {¢.g., growth charactenistics, vield, greater stability, improved
freeze-thaw tolerance, shorter generation tines). In some embodiments, provided herein are
methods of making such mEVs (such as smEVs and/or pmEVs), bacteria, or any
combination thercof,

48] In cortain aspects, provided herein is use of a pharmaceutical composition deseribed
herein for the preparation of a medicament for treatment {or prevention} of a condition
described herein, ¢.g., a cancer, an inmumine disorder, a metabolic disease, a neurologic
disease, an inflammatory discase, or a dysbiosis, ¢.g., as described herein.

{41}  In certain aspects, provided herein is a pharmaceutical composition described herein
for use in treating {or preventing) of a condition described herein, ¢.g., a cancer, an immune
disorder, a metabolic disease, a neurclogic disease, an nflanunatory disease, or a dysbiosis,

¢.g., as described herem,
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{42}  In certain aspects, provided herein is a method of using the phammaceutical
compositions described herein in treating a subject {e.g., human} in need thereof.

1431 In some embodiments, a method treats or prevents a disease in a subject, the method
comprising administering 1o the subject at least one pharmaceutical coraposttion described
herein, In some emboduments, a use of at least one pharmaceutical composition described
herein is for treating or preventing a disease in a subject. Non-limiting examples of the
discase melude an immune disorder {¢.g., a cancer, an awtotnnume discase, an milammatory
disease, or a metabolic disease), an inflammatory disorder {e.g., dermatitis}, a cancer {e.g.,
colorectal cancer), or a dyshiosis. In some embodiments, the pharmaceutical composition
described herein is administered once a day. o some embodiments, the pharmaceuntical
composition described herein is administered twice a day. In some embodiments, the
pharmacentical composition described herein 1s formulated for a daily dose. In some
embodiments, the pharmaceutical composition described herein is formulated for twice a
day dose, wherein cach dose is half of the daily dose.

{44} In some emabodiments, a method or use of a pharmaceutical composition provided
heretn further comprises administering to the subject an additional therapy. In some
embodiments, the additional therapy is an antibiotic. In some embodiments, the method or
use further comprises administering to the subject one or more other cancer therapies {e.g.,
surgical removal of a tumor; administration of a chemotherapeutic agent, radiation therapy,
and/or a cancer inmunotherapy imcluding but not limited to an immaune checkpoint inhibitor,
a cancer-specific antibody, a cancer vaccine, a primed antigen presending cell, a cancer-
specific T cell, a cancer-specific chimeric antigen receptor {CAR) T cell, an toone
activating protein, and/or an adjuvant). In some embodiments, the method or use further
comprises the administration of ancther therapeutic bactena, mEVs (such as smEVs and/or
pmEVs), or any combination thereof, from one or more other bacterial strains {e.g.,
therapeutic bacteria). In some embodiments, the method further comprises the
administration of an mane suppressant and/or an anti-inflammatory agent. In some
embodiments, the method further comprises the administration of a metabolic discase
therapeutic agent.

48]  In certain aspects, further provided heremn is a method of preparing a pharmaceutical
composition described herein in a suspension, the method comprising: combining
Harrvflintia acetispora mEVs {such as smEVs and/or pmEVs), bacteria, or any combination

thereof, with a pharmaceutically acceptable buffer (e.g., PBS); thereby preparing the

9
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pharmaceutical composition. In some embodiments, the saspension further comprises
sucrose or glucose. In some embodiments, the Harryflintic acetispora mEVs, bacteria, or
any combination thercot are comprised in a dry form {¢.g_, powder) that is combined with
the pharmaceutically acceptable buffer In some cmbodiments, the Harryflintia acetispora
mEVs, bacteria, or any combination thereof are comprised m a wet form {e.g., biomass or
pellet or other liquid) that is combined with the phammaceutically acceptable buffer,

{46} In certain aspects, also provided herein 15 a method of preparing a pharmaceutical
composition described herein in a solid dose form, the method comprising: {a) combining
Harryflintia acetispora mEVs (such as smEVs and/or pmEVs), bacteria, or any combination
thereof, with a pharmaceutically acceptable excipient, and (b} compressing the Harryflintia
acetispora mEVs (such as smEVs and/or pmEVs), bacteria, or any combimation thereof, and
a pharmaceutically acceptable excipient, thereby preparing the phammaceutical composition.
In some embodiments, the method further comprises enterically coating the solid dose form.
In some embodiments, the Harryflintia acetfispora mEVs, bacteria, or any combination
thereof arc comprised in a dry form {(e.g., powder) that is combined with the
pharmaceutically aceeptable excipient.

1471 A pharmaceutical composition provided herein can deliver a therapeutically effective
amount of Harryflintia acetispora bacteria, mEVs {such as smEVs and/or pmEVs), or any
combination thereof, to a subject {¢.g., a human} n need thereof. Similarly, a pharmaceutical
composition provided herein can dehiver a non-natural amount of the therapeutically
cffective amount of Harryflintia acetispora bacteria, mEVs (such as smEVs and/or pmEVs),
or any combination thereof, to a subject {¢.g., a human) in need thercof. Such
pharmaceutical composition can bring benefits to a sabject (e.g., a human}, such as treating
and/or preventing a discase or a healthy disorder.

148} In certain aspects, Harryflintia acetispora bacteria, mEVs (such as smEVs
and/or pmEVs), or any combination thercof and/or a pharmaceutical composition
comprising the bacterta, mEVs (such as smEVs and/or pmEVs), or any combination thereof
reduce tumor growth 1o a U126 preclinical model of cancer.

{49} In cortain aspecis, Harryvflintia acetispora bacteria, mEVs {such as smEVs
and/or pmEVs}, or any combination thereof and/or a pharmaceutical composition
comprising the bacteria, mEVs (such as smEVs and/or pmEVs), or any combination thereof
reduce car thickoess 1o a DTH (delayed type hypersensitivity) prechinical model of

inflammation.
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{58} In certain aspects, Harrvflintic acetisporo bacteria, mEVs (such as smEVs
and/or pmEVs}, or any combination thereof and/or a pharmaceutical composition
comprising the bacteria, mEVs (such as smEVs and/or pmEVs), or any combination thereof
reduce car thickness in a FITC (fluorescein isothiocyanaie) cutancous hypersensitivity
prechnical model of nflammation.

{51} In certain aspects, Harryflintia acetfispora bacteria, mEVs {such as smEVs and/or
pmEVs), ot any combivation thereof and/or a phammaceutical composition comprising the
bacteria, mEVs (such as smEVs and/or pmEVS), or any combination thereof mnduce cytokine

{initia

prodaction from PMA-differentiated U237 cells. In some embodiments, the Har

acetispora bacteria, mEVs {such as smEVs and/or pmEVYs), or any combination thereof
and/or the pharmaceutical composition induce production of one or more of: IL-10; TNF-q;
1L-6; IP-10; and IL~1P (e.g., as compared to a blank control).

521  In certan aspects, Harryflintia acetispora bacteria, mEVs (such as smEVs and/or
pmEVs), or any combmation thereof andfor a pharmaceutical composition comprising the
bacterta, mEVs {sach as smEVs and/or pmEVs}, or any combination thereof reduce cvtokine
production in mesenteric lvmph nodes {(mLNs), ¢ .g., in a FITC (fluorescein isothiocyanate)
cutancous hypersensitivity preclinical model. In some embodiments, the Harryflintia
acetispora bacteria, mEVs (such as smEVs and/or pmEVs), or any combination thereof
and/or the pharmaceutical composition reduce production of one or more of: L4, IL-5, IL-
13, IL-10, and IL-33 n the mesenteric lymph nodes (mlL.Ns).

1831 In certan aspects, Harryflintia acetispora bacteria, mEVs {such as smEVs and/or
pmEVs), or any combination thereof and/or a pharmaceutical composition comprising the
bacteria, mEVs {such as smEVs and/or pmEVYs}, or any combination thereof induce
engagement of the TLR2 receptor.

{341  In certain aspects, Harryflingia acefispora bacteria, mEVS (such as smEVs and/or
pmEVs), or any combination thereot and/or a pharmaceutical composition comprising the
bacteria, mEVs (such as smEVs and/or pmEVs), or any combination thereof mduce [L-10R
engagement.

{85} In certamn aspects, Harryflintia acetispora bacteria, mEVs {such as smEVs and/or
pmEVs), or any combination thereof and/or a pharmaceutical composition comprising the
bacteria, mEVs {such as smEVs and/or pmEVs), or any combination thereof mduce
modulation of lymphocytes, e.g., to a more anfi-mflanunatory state in the gut lymphoid

tissue.
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{36} In certain aspects, Harryflintia acefispora bacteria, oEVs (such as smEVs and/or
pmEVs), or any combination thereof and/or a pharmaceutical composition comprising the
bacterta, mEVs (such as smEVs and/or pmEVs), or any combination thereof induce
modulation of B cell lymphocytes, ¢.g., to modulate anti-inflammatory cffects.

187} In cortamn aspects, Harryflintia acetispora bacteria, mEVs {such as smEVs and/or
pmEVs), or any combination thereof and/or a pharmaceutical composition comprising the
bactena, mEVs {such as smEVs and/or pmEVs), or any combination thereof induce

modulation of CD4+ T cells, €.g., to an anti-inflammatory state.

BRIEF DESCRIPTION OF THE FIGURES

58]  Fig. 1 shows the cfficacy of Harryflintia acetispora Strain A smEVs as compared to
that of anti-PD-1 or vehicle in a mouse colorectal carcinoma model at day 22, smEVs from
Harryflintio acetispora Strain A coltured in ghicose-containing media is compared with the
smEVs from Harryflintia acetispora Strain A cultured in N-acetylglucosamine (NAG}-
contatning media. Welch s test 1s performed for treatment vs. vehicle.

{38}  Fig. 2 shows the efficacy of Harryflintia acetispora Strain A smEVs as compared to
that of anti-PD-1 or vehicle in a mouse colorectal carcinoma model over a period of time.
smEVs frora Harmyflintia acetispora Stram A cultured in glucose-containing media is compared
with the smEVs from Harryflintia acetispora Strain A cultured in N-acetylglucosamine (NAG)-
containing media. Weleh's test is performed for treatment vs. vehicle.

[68] Fig. 3 shows the efficacy of Harryflintia acetispora Strain A smEVs as compared to
that of anti-PD-1 or vehicle in a mouse colorectal carcinoma model at day 23 WelehUs test 18
performed for treatment vs. vehicle.

61}  Fig. 4 shows the officacy of Harmflinfia acetispora Strain A smEVs as compared to
that of anti-PD-1 or vehicle in a mouse colorectal carcinoma model over a period of time.
Welch’s test is performed for troatment vs. vehucle,

{62}  Fig. 5 shows the efficacy of Harryflintio acetispora Strain A smEVs as compared to
that of anti-PD-1 or vehicle in a mouse colorectal carcinoma model at dav 21, Welch's test is
performed for treatment vs. vehicle.

{631 Fig. 6 shows the efficacy of Harnyflintia acetispora Straim A smEVs as compared to
that of anti-PD-1 or vehicle in a mouse colorectal carcinoma model over a period of time.

Welch’s test is performed for treatment vs. vehucle.
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{64} Fig. 7 shows the efficacy of Harryflintia acerispora Strain A whole bacteria as
compared to that of anti-PD-1 or vehicle in a mouse coloreetal carcinoma model at day 24.
Welch’s test is performed for treatment vs. vehicle.

65] Fig. 8 shows the efficacy of Harm/flintfia acetispora Strain A whole bacteria as
compared to that of anti-PD-1 or vehicle in a mouse colorectal carcinoma model overa
period of time. Welch’s test is performed for treatment vs. vehicle.

{66] Fig. 9 shows the efficacy of orally admunistered Harryflintia acefispora Strain A
smEVs at two doses, 2E+11 and 2E+07 (based on particles per dose) in reducing antigen-
specific ear swelling {car thickness) at 24 hours compared to vehicle (negative control} and
dexamethasone (positive control) following antigen challenge in 3 KLH-based delayed type
hypersensitivity model,

{67} Fig. 10 shows the efficacy of orally admumistered Harryflintia acetispora Stram A
smEVs at three doses, 2E+11, 2E+09, and 2E+07 (based on particles per dose) mn reducing
antigen-specific ear swelling {ear thickness) at 24 hours compared to vehicle {(negative
conirol) and dexamethasone {positive control} following antigen challenge m a KLH-based
delayed type hypersensitivity model.

168]  Fig. 11 shows that Harryflintia acelispora Strain A smEVs induce cyiokine
production from PMA-differentiated U937 celis. U937 colls were treated with Harryflintia
acetispora Strain A smEV at 1x10°-1x10" concentrations as well as TLR? (FSL} and TLR4
(LPS) agonist controls for 24hrs and cytokine production was measured. Note the stepwise
increase in cytokine production. “Blank” mdicates the medium control.

{691  ¥ig. 12 shows that Harryflintia acetispora Stram A whole bactenia induce cvtokine
production from PMA-differentiated U937 cells. U937 cells were treated with Harrvflintia
acefispora Sirain A whole gamma-irradiated microbes at 1x10° and 1x10° concentrations as
well as TLR2 (FSL) and TLR4 (LPS) agomist controls for 24hrs and cytokine production
was measured. “Blank” indicates the medum control.

{78} Fig. 13 shows the efficacy of Harryflintic acetispora Stramn A smEVs and Harryflintic
acefispora Strain A whole bacteria as compared to that of anti-PD-1 or vehicle in 2 mouse
colorectal carcinoma model at day 22, Weleh’s test is performed for treatraent vs. vehicle.
{711  Fig. 14 shows the efficacy of orally admanistered Harrvfliniia acetispora Stram A
smEVs to significantly reduce car swelling at 24 hours post FITC ear challenge in a FITC-
driven contact hypersensitivity model. Doses of ZE10 and 2E7 were tested. {ns: not

significant)
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{72}  Fig. 15 shows the efficacy of orally administered Megasphaera sp. Stram A smEVs
and Harryflinta acetispora Strain A smEVs to reduce car swelling at 24 howrs post FITC
gar challenge in a FITC-driven contact hypersensitivity model. Doses of 2E9, 2E7 and 2ES
were tested. {ns: not significant).

73] Figs. 16A-18E show the officacy of orally admuinistered Megasphaera sp. Stramn A
smEVs and Harryflintia acefispora Strain A smEVs to reduce mLN cytokine levels at 24
hours post FITC car challenge in a FITC-driven contact hypersensitivity model. Doses of
2E9, ZE7 and 2E5 were tested. Compared to the vehicle group, Harryflintia acerispora Strain
A smEVs and Megasphaera sp. Strain A smEVs treatment reduced cytokine levels for IL-4
(Fig. 16A), [L-3 (Fig. 16B), 1L-13 (Fig, 16C), IL-10 (Fig. 16D), and 1L-33 (Fig, 16E) in the
mesenteric lymph nodes (mLNs)

{74} Fig. 17 shows the effects of blocking TLR2 signaling (with an anti-TLRZ antibody)
on the efficacy of crally administered Harryfiintia acetispora Strain A smEVs at a dose of
2E+11 (based on particles per dose) in reducing antigen-specific car swelling {ear thickness)
at 24 hours compared to vehicle (negative control) and dexamethasone {positive control)
following antigen challenge in a KEH-based delayed tvpe hypersensitivity model.

{75}  Fig. 18 shows the effects of blocking 1L-10R signaling (with an anti-1L-IOR
antibody} on the efficacy of orally adnunistered Harryflintia acetispora Strain A sroEVs at g
dose of 2E+11 {based on particles per dose) in reducing antigen-specific car swelling (ear
thickness}) at 24 hours compared to vehicle (negative control) and dexamethasone {positive
control) following antigen challenge in a KEH-based delaved type hypersensitivity model.
{76} ¥Fig. 19 shows the effects of blocking lymaphocyte homing to the lymphoud tissue
within the gut (with anti-CD62 and anti-a4R7 antibodies) on the efficacy of orally
admnistered Harryflintic acetispora Strain A smEVs at a dose of 2E+11 (based on particles
per dose} in reducing antigen-specific ear swelling {ear thickness) at 24 houars compared to
vehicle (negative control) and dexamethasone {positive control) following antigen challenge
in a KLH-based delaved type hypersensitivity model.

{777 Fig. 28 shows the effects of B cell depletion (with an anti-CD20 antibody) on the
cfficacy of orally administered Harryflintia acetispora Strain A smEVs at 3 dose of ZE+11
{based on particles per dose} in reducing antigen-specific car swelling {ear thuickness) at 24
hours compared to vehicle (negative control} and dexamethasone {positive conirol}

following antigen challenge in a KLH-based delayed type hypersensitivity model.
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{78}  Fig. 21 shows that CD4+ T cells from mice dosed with Flarryffintia acetispora Stram
A smEVs at a dose of ZE+11 (based on particles per dose} were able to confer anti-
inflammatory effects in recipient mice, as measured by reduced antigen-specific car swelling
{car thickness) at 24 hours in recipicnt mice compared to vehicle (negative control)

following antigen challenge in the recipient mice.

DETAILED DESCRIPTION

{791 The Usciflospriraceae family within the Closiridia class of microorganisms are
conunon commensal organisios of vertebrates. Interestingly, despite being monoderm
{usaally described as Gram-positive} microbes they stain Gram-negative. Disclosed herein
are investigations regarding whether Harryflintia acefispora could produce smEVs in
sufficient yicld to use commercially and found that relative to other Gram-positive
organisms, members of this family produced high levels of smBEVs, ¢.g., are high vield
microbes. This defies the conventional understanding of smEV production within the field,
as Gram-negative orgamisms typically produce higher numbers of smEVs. Oscillospiraceae
fanily nucrobes, including Harmyfliniia acerispora, are generally difficult to both isolate and
grow, thus previous investigations of smEVs from this family have been houted. From owr
investigations Harryflintia acetispora smEV elicits a unique cytokine response in in vifso
coculture. smEVs from Harrnyflintia acetispora {e.g., Harrvfliniia acetispora Strain Al have
demonstrated high efficacy and potency n animal models of inflamnmation and cancer.
Provided herein are methods and compositions related to the use of Harryfiintia acetispora
bacteria and its derivatives {¢.g., mEVs such as smEVs and/or pmEVs) in the treatment
and/or prevention of a disease or a health disorder {¢.g., adverse health disorders) {e.g.. a
cancer, an autoimmune disease, an inflammatory disease, a dysbiosis, or a metabolic
disease).

{80} High Yield Criterion for smEV Production: A crude mEV vield of 3x10% per liter
from a bioreactor-grown culture ts the minimur threshold of the “high yield™ designation
for straius because this nomber was within one order of magnitude of the crude smEV vield
of a reference strain that produces smEVs at a level that can reasonably be scaled for

production.
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Table 1 lsts smEV yields from Harrpflintia acetispora bacteria

EY Yield/
Strain Classification Strain Name Liter
Strain A | Oscillospiraceae | Havryflintia acetispora S4-M3 3.20E+13

{81} “Adjuvant” or “Adjuvant therapy” broadly refers 1o an agent that affects an

immumnological or physiclogical response in a patient or subject (e.g., human). For example,
an adjuvant might ncrease the presence of an antigen over tine or 10 an area of interest like
a tumor, help absorb an antigen presenting coll antigen, activate macrophages and
tvmphocvtes and sapport the production of eytokines. By changing an tmmune response, an
adjuvant might permit a smalfer dose of an immune interacting agent to increase the
effectiveness or safety of a particular dose of the mmune 1nteracting agent. For example, an
adjovant mught prevent T cell exhaustion and thus increase the effectiveness or safety of a
particular immune interacting agent.

{82} “Admunistration” broadly refers to a route of administration of a composition {e.g., a
pharmaceutical composition) to a subject. Examples of routes of administration inchude oral
administration, rectal administration, topical administration, inhalation {nasal) or injection.
Admirnistration by injection includes intravenous (1V), intramuscular (IM), mtratamoral (IT)
and subcutancous (SC) administration. A pharmaceutical composition described herein can
be adnunistered in any form by any effective route, including but not linuted to intratumoral,
oral, parenteral, enteral, intravenous, intraperitoneal, topical, transdermal (e g, using any
standard patch), intradermal, ophthalmic, (intra)nasally, local, non-oral, such as acrosol,
inhalation, subcutancous, mtramuscular, buccal, sublingual, (trans)rectal, vaginal, intra-
arterial, and intrathecal, transmucosal {¢.g., subhingual, lingual, (transibuceal, {franspurethral,
vaginal {(e.g., trans- and perivaginally), implanted, intravesical, infrapulmonary,
intraducdenal, intragastrical, and intrabronchial. In preferred embodiments, a pharmaceutical
composition described herein 1s administered orally, rectally, intratumorally, topically,
intravesically, by injection into or adjacent to a draming Ivmph node, ntravenously, by
inhalation or acrosol, or subcutaneousty. In ancther preferred embodiment, a pharmaceatical
composition described herein is admuustered orally, intratumorally, or intravenously.

831  Asused herein, the term “antibody” may refer to both an intact antibody and an

antigen binding fragment thereof. Intact antibodies are glycoproteins that inchude at least two
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heavy () chains and two light (L) chains inter-connected by disulfide bonds. Each heavy
chatn inclades a heavy chain variable region (abbreviated herein as V) and 2 heavy chain
constant region. Hach light chain nchides a light chain vanable region {abbreviated herein
as Vu) and a lght chaim constant region. The Vi and Vi regions can be further subdivided
into regions of hypervariability, termed complementarity determining regions {(CDR),
interspersed with regions that are more conserved, termed framework regions (FR}). Each Vi
and Vi is composed of three CDRs and four FRs, arranged from amino-terounus to carboxy-
terminus in the following order: FR1, CDRI, FR2, CDR2, FR3, CDR3, FR4. The variable
regions of the heavy and light chains contain a binding domain that interacts with an antigen.
The term “antibody” includes, for example, monoclonal antibodies, polyelonal antibodies,
chimeric antibodies, humanized antibodics, human antibodics, multispecific antibodies (e.g.,
bispecific antibodies), single-chain antibodies and antigen-binding antibody fragments,

{84] The terms “antigen binding fragment” and “antigen-binding portion” of an antibody,
as used herein, refer to one or more fragments of an antibody that retain the ability to bind to
an antigen. Examples of binding fragments encompassed within the term "antigen-binding
fragment” of an antibody include Fab, Fab', F{ab')s, Fv, scFy, disulfide linked Fv, Fd,
diabodies, single-chain antibodies, NANOBODIES®, isolated CDRH3, and other antibody
fragments that retain at least a portion of the variable region of an intact antibody. These
antibody fragments can be obtained using conventional recombinant and/or enzymatic
technigues and can be screened for antigen binding in the same manner as infact antibodies.
{85} ““Cancer” broadly refers to an uncontrolled. abnormal growth of a host’s own cells
teading to invasion of swrrounding tissue and potentially tissue distal to the vutial site of
abnormal cell growth in the host. Major classes include carcinomas which are cancers of the
epithelial tissue {(¢.g., skin, squamous cells); sarcomas which are cancers of the connective
tissue {¢.g., bone, cartilage, fat, muscle, blood vessels, etc }; leukemias which are cancers of
blood formung tissue (¢.g., bone marrow tissue); lvmphomas and myelomas which are
cancers of immune cells; and central nervous system cancers which melude cancers from
brain and spinal tissue. “Cancer(s} and” “neoplasm(s)™ are used herom interchangeably. As
used herein, "cancer” refers to all types of cancer or neoplasm or malignant tumors including
teukemias, carcinomas and sarcomas, whether new or recurnng. Specific examples of
cancers are: carcinomas, sarcomas, myelomas, levkenuas, lymphomas and mixed type
tumors. Non-limiting examples of cancers are new or recurting cancers of the brain,

melanoma, bladder, breast, cervix, colon, head and neck, kidney, hung, non-small cell lung,
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mesothelioma, ovary, prostate, sarcoma, stomach, uterus and medulloblastoma. In some
embodiments, the cancer coraprises a solid tumor. In some embodiments, the cancer
COMPIises a metastasis.

86] A “carbohydrate” refers to a sugar or polymer of sugars. The terms “saccharide,”
“polysaccharide,” “carbohvdrate,” and “oligosaccharide” may be used mterchangeably.
Most carbohydrates are aldehydes or ketones with many hydroxyl groups, usually one on
cach carbon atom of the molecule. Carbohydrates generally have the molecular formula
Cala0n A carbohydrate may be a monosaccharide, a disacchande, trisacchande,
oligosacchande, or polysaccharide. The most basic carbohydrate is a monosaccharide, such
as ghacose, galactose, mannose, ribose, arabinose, xvlose, and fructose. Disaccharides are
two joined monosaccharides. Excraplary disaccharides include sucrose, maltose, cellobiose,
and lactose. Typrcally, an oligosaccharide includes between three and six monosaccharide
units {2.g., raffinose, stachvose), and polysaccharides include six or more monosaccharide
units. Exemplary polysaccharides mnclade starch, glycogen, and cellulose. Carbohydrates
may contain modified saccharide units such as 2°-deoxyribose wherein a hvdroxyl group is
removed, 27 -fluororibose wherein a hydroxyl group is replaced with a flaorine, or N-
acetyighicosaming, a nitrogen-containing form of glucose {¢.g., 2 -fluororibose,
deoxvribose, and hexose). Carbohvdrates may exist in many different forms, for example,
conformers, cyvehic forms, acvelic forms, stereoisomers, tautomers, anomers, and 1somers.
871 “Cellular augmentation” broadly refers to the influx of cells or expansion of cells in
an environment that are not substantially present in the environment prior to administration
of a composition and not present 1o the composition itself. Cells that augment the
environment imclude immume cells, stromal cells, bactertal and fungal cells. Environments of
particular inferest are the microenvironments where cancer cells reside or locate. In some
instances, the microenvironment is a fumor nucrocnvironment or a tumor dratning tviph
node. In other instances, the microcnvironment is a pre~cancerous tissue site or the site of
local administration of a composition or a site where the composition will accumulate after
remote administration.

88} “Clade” refers to the OTUs or mernbers of a phylogenetic tree that are downstrean
of a statistically valid node i a phylogenetic tree. The clade comprises a set of terminal
feaves in the phyvlogenetic troe that is a distinet monophylietic evolutionary unit and that

sharc some extent of sequence stnilarnity,
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{891 A “combination” of mEVs (such as smEVs and/or pmEVs) from two or more
microbial strains includes the physical co-existence of the microbes from which the mEVs
(such as smEVs and/or pmEVs) are obtained, cither in the same material or product or in
physically connected products, as well as the temporal co-administration or co-localization
of the mEVs (such as smEVs and/or pmEVs) from the two strains.

90} The term “decrease” or “deplete” means a change, such that the difference is,
depending on circumstances, at least 109, 20%, 30%, 40%., 50%, 60%, 70%, 80%, 90%,
17106, /1000, 1/10,000, 1/1060,000, 1/1,000,000 or undetectable after treatment when
compared to a pre-treatment state. Properties that may be decreased include the nomber of
immune cells, bacterial cells, stromal celis, myeloid derived suppressor celis, fibroblasts,
metabolites: the level of a cyviokine: or another physical parameter (such as ear thickness
{¢.g., in a DTH ammal model} or tumor size (e.g., in an amimal tumor model}).

{21} "Dysbiosis” refers to a state of the microbiota or mucrobiome of the gut or other body
area, including, ¢.g., mucosal or skin surfaces {or any other microbiome niche) in which the
vormal diversity and/or function of the host gut microbiome ccological networks
(“nucrobiome”) are disrupted. A state of dysbiosis may result in a diseased state, or it may
be unhealthy under only certain conditions or only if present for a prolonged period.
Dysbiosis may be due to a variety of factors, meluding, cnvironmental factors, mfections
agents | host genotype, host diet and/or stress. A dysbiosis may result in: a change {(¢c.g.,
increase or decrease} in the prevalence of one or more bactena types {¢.g., anacrobic},
species and/or strains, change (¢.g., increase or decrease} i diversity of the host
microbiome population composition; a change (e.g., increase ot reduction} of one or more
populations of symbiont orgamsms resulting in a redoction or loss of one or more beneficial
gffects; overgrowth of one or more populations of pathogens {¢.g., pathogenic bacteria);
and/or the presence of, and/or overgrowth of, symbiotic organisms that cause discase only
when certain conditions are present.

{92} The term “ecological consortium™ 1s a group of bacteria which trades metabolites and
positively co-regulates one another, in contrast to two bacteria which induce host synergy
through activating complementary host pathways for improved efficacy.

193] Asused berein, “engineered bacteria” are any bacteria that have been genctically
altered from their natoral state by human activities, and the progeny of any such bacteria.
Engincered bactenia include, for example, the products of targeted genctic modification, the

products of random mutagencsis screens and the products of directed evolution.
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{94} ¢ term “epitope” means a3 protein determunant capable of specific binding to an
antibody or T cell receptor. Epitopes usually consist of chemically active sarface groupings
of molecules such as amino acids or sugar side chains. Certain epitopes can be defined by a
particular scquence of amino acids to which an antibody is capable of binding.

{8517  The term “gene” is used broadly to refer to any nucleic acid associated with a
bislogical function. The term “gene” applies {0 a specific genomic sequence, as well as to a
cDNA or an aRNA encoded by that genomic sequence.

96} “ldentity” as between nucleic acid sequences of two nucleic acid molecules can be
determined as a percentage of identity using known computer algornthms sach as the
“FASTA” program, using for example, the default parameters as in Pearson ef o/ {1988}
Proc. Natl. Acad. Sci. USA 85:2444 (other programs wnclude the GCG program package
{Devercux, I, ef ol Nucleic Acids Research 12(13:387 (1984)), BLASTP, BLASTN,
FASTA Atschul, S. F., er o, J Molec Biol 215:403 (1990); Guide to Huge Computers,
Mrtin J. Bishop, ed., Academic Press, San Dicgo, 1994, and Cartllo er o/ (1988) S1AM I
Applicd Math 48:1073). For example, the BLAST function of the National Center for
Biotechnology Information database can be used to determine identity. Other commercially
or publicly available programs inchide, DNAStar “MegAlign™ program (Madison, Wis } and
the Untversity of Wisconsin Genetics Computer Group (UWG) “Gap” program (Madison
Wis )}

{871  As used herein, the term “immune disorder” refors to any disease, disorder or discase
syaptom caused by an activity of the immune system, including autoimmune diseases,
nflamomatory discases and allergies. Imoune disorders include, but are not liniied to,
agtoimmune diseases {e.g., psonasis, atopic dermatitis, lupus, scleroderma, hemolytic
anemia, vasculitis, type one diabetes, Grave's discase, rheumatoid arthritis, multiple
sclerosis, Goodpasture’s syndrome, pericious ancmia and/or myopathy), mflammatory
diseases {¢.g., acne valgaris, asthma, celiac disease, chromce prostatitis, glomerulonephritis,
inflammatory bowel disease, pelvic inflammatory disease, reperfusion imjury, rheamatoid
arthritis, sarcoidosis, transplant rejection, vasculitis and/or interstitial cystitis), and/or an
allergies {e.g., food allergies, drug allergics and/or environmental allergies).

98] “Immunotherapy™ is treatment that uses a subject’s immune system to treat disease
{e.g.. immune disease, inflammatory discase, metabolic disease, cancer) and includes, for
example, checkpoint inhibitors, cancer vaceines, cviokines, cell therapy, CAR-T cells, and

dendrnitic cell therapy.
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{991 The term “increase” means a change, such that the difference 1, depending on
circumstances, at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 2-fold, 4-fold,
10-fold, 100-fold, 1073 fold, 1074 fold, 1075 fold, 1076 fold, and/or 1077 fold greater after
treatment when compared 10 a pre-treatment state, Propertics that may be increased include
the number of immune cells, bactenial cells, stromal cells, myeloid derived suppressor cells,
fibroblasts, metabolites; the level of a evtoking: or another physical parameter {(such as ear
thickness {e.g., tn a DTH amimal model) or tumor size {¢.g., n an animal tumor model).
[108] “Innate immune agonists” or “imumuno-adjuvants” are small molecules,
proteins, or other agents that specifically target innate immune receptors including Toll-Like
Receptors (TLR), NOD receptors, RLRs, C-type lectin receptors, STING-¢GAS Pathway
components, inflammasome complexes. For example, LPS 15 a TLR-~4 agounist that is
bacterially derived or svnthesized and alominum can be used as an immune stimulating
adjovant. immano-adpuvants are a specific class of broader adjuvant or adjuvant therapy.
Examples of STING agonists include, but are not limited to, 2'3- cGAMP, 3'3'-cGAMP, ¢-
di~AMP, c-di-GMP, 2'2'-cGAMP, and 2'3-cGAM(PSY2 (Rp/Sp) (Rp, Sp-isomers of the bis-
phosphorothicate analog of 2'3-¢GAMP). Examples of TLR agonists include, but are not
himuted to, TLRY, TLRZ, TLR3, TLR4, TLR3, TLR6, TLR7, TLRR, TLRY, TLRIO and TLRI
i, Examples of NOD agorusts mchude, but are not lnuted to, N-acetylmuramyl-L-alanyl-13-
isogiutamuine {muramvidipeptide (MDP}), gamma-D-glutamyl-meso-diamnopimelic acid
(1E-DAP), and desmuramylpeptides (DMFP}.

{181} The “intemal transcribed spacer” or “ITS” is a picce of non-functional RNA
tocated between structural ribosomal RNAs (fRNA) on a common precursor transeript often
used for identification of eukarvotic species in particular fungi. The rRNA of fungi that
forms the core of the ribosome is transcribed as a signal gene and counsists of the 85, 5.85
and 288 rogions with ITS4 and 5 betweoen the 85 and 5.85 and 5 85 and 288 regions,
respectively. These two miercistronic segments between the 185 and 5.85 and 3.88 and 288
regions are removed by splicing and contain significant variation between apecies for
barcoding purposes as previously described {Schoch et al Nuclear ribosomal internal
transcribed spacer (FTS) region as a universal DNA barcode marker for Fungt. PNAS
109:6241-6246. 20123, 188 rDNA is traditionally used for phylogenetic reconstruction
however the ITS can serve this function as it is generally highly conserved but containg
hypervartable regions that harbor sufficient nucleotide diversity to differentiate gencra and

species of most fungus.
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[162] The term “isolated” or “enniched”™ encompasses a microbe, an mEV {such as
an smEV and/or pmEV) or other entity or substance that has been (1) separated from at least
some of the components with which it was associated when initially produced (whether n
nature or in an experumnental setting), and/or (2) produced, prepared, purified, and/or
manufactured by the hand of man. Isolated microbes or mEVs (such as smEVs and/or
pmEVs) may be separated from at least about 10%, about 20%, about 30%, about 40%.
about 30%, about 60%, about 70%, about 80%, about 90%, or more of the other components
with which they were initially associated. In some embodiments, isolated microbes or mEVs
{such as smEVs and/or pmEVs) are more than about 80%, about 83%, about 90%, about
§1%, about 92%, about 93%, about 94%, about 93%, about 96%, about 97%, about 98%,
about 99%, or more than about 99% pure. As used herein, a substance 15 “pure” ifitis
substantially free of other components. The terms “punify,” “purifying” and “punfied” refer
to a microbe or mEV or other material that has been separated from at least some of the
components with which it was associated cither when mitially produced or generated {e.g.,
whether in nature or in an experimental setting}, or during any time after its intfal
production. A microbe or a microbial population or mEVY miay be considered purified if if is
isolated at or after production, such as from a material or environment containing the
microbe or mucrobial population or mEVY, and a purified microbe or nucrobial or mEV
population may contain other materials ap to about 10%, about 209, about 30%, about 409,
about 50%, about 60%, about 70%, about 80%, about 90%, or above about 90% and still be
considered “isclated.” In some embodiments, purified microbes or mEVs {such as smEVs
and/or pmEVs) or microbial population are more than about 80%, about 85%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 93%, about 96%, about 97%, about
G8%, about 99%, or more than about 99% pure. In the instance of microbial compositions
provided herein, the one or more microbial types present in the composition can be
independently purified from one or more other nucrobes produced and/or present in the
material or environment contaimng the microbial type. Microbial compositions and the
microbial components such as mEVs (such as smEVs and/or pmEVs) thereof are gencrally
purified from residual habitat products.

{103] As used herein a “lipid” includes fats, oils, triglveerides, cholesterol,
phospholipids, fatty acids in any form inciuding free fatty acids. Fats, oils and fatty acids can

be saturated, unsaturated (cis or trans) or partially unsaturated {cis or trans}.
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{104] The term “LPS mutant or lipopolysacchande mutant” broadly refers to
selected bacteria that comprises loss of LPS. Loss of LES might be due o mutations or
disruption to genes involved in lipid A biosynthesis, such as {pxd, /pxC, and ipxD). Bacteria
comprising LPS mutants can be resistant to aminoglycosides and polymyxins {polymyxin B
and colisting.

{105} “Metabolite” as used herein refers to any and all molecular compounds,
compositions, molecules, ions, co-factors, catalysts or nutrients used as substrates in any
cellular or microbial metabolic reaction or resulting as product compounds, compositions,
molecules, tons, co-factors, catalysts or nutrients from any cellular or microbial metabolic
reaction.

(106} “Microbe” refers to any natural or engineered organism characterized as a
archaeaon, parasite, bacterium, fungus, microscopic alga, protozoan, and the stages of
development or life cycle stages €e.g., vegetative, spore (including sporelation, dormancy,
and germination), latend, bioftlm} associated with the organism. Examples of gut microbes
nchude: Actinomyces graevenitzii, Actinomyces odontolvticus, Akkermansia muciniphila,
Bacteroides caccae, Bacteroides fragilis, Bacteroides putredinis, Bactervides
thetaioiaomicron, Bacteroides vidiagus, Bifidobacterium adolescentis, Bifidobacterium

bifidum, Bilophila wadsworthia, Blawria, Butyrivibrio, Campylobacter gracilis, Clostridia

3

cluster HT, Clostridia cluster IV, Clostridia cluster IX (Acidaminococeaceae group),
Clostridia cluster Xi, Clostridia cluster XU {Pepiostreptococcus group), Clostridia cluster
XV, Clostridia cluster XV, Collinsella aerofaciens, Coprococcus, Corynebacierinm
sunsvallense, Desulfomonas pigra, Dorea formicigenerans, Dorea longicatena, Escherichia
coli, Bubacterium hadrum, Fubacterium rectale, Faecalibacteria prausniizii, Gemella,
Lactococcus, Lanchmospira, Mollicutes cluster XV, Mollicutes clusier XVIII Prevotelia,
Rothia mucilaginosa, Ruminococcus callidus, Ruminococcus gnavus, Ruminococcus
torgues, and Streptococcus.

{107} “Microbial extracelludar vesicles” (mEVs) can be obtaned from microbes
such as bacteria, archaca, fungi, microscopic algac, protozoans, and parasites. In some
crubodiments, the mEVs (such as smEVs and/or pmEVs) are obtained from bacteria. mEVs
include scoreted microbial extracelular vesicles (smEVs) and processed microbial
extraceliular vesicles {pmEVs). “Seccreted microbial extracellular vesicles” (smEVs) are
naturally-produced vesicles derived from microbes. smEVs are comprised of microbial

lipids and/or microbial proteins and/or microbial nucleic acids and/or microbial
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carbohvdrate moieties, and are 1solated from culture supernatant. The natural production of
these vesicles can be artificially enhanced (¢.g., increased) or decreased through
manipulation of the environment in which the bacterial celis are being cuitured (e g.. by
media ot temeperature alterations). Further, smEV compositions may be modified to reduce,
increase, add, or remove microbial components or foreign substances to alter efficacy,
mmune stimulation, stability, immune stimulatory capacity, stability, organ targeting {¢.g.,
tymph node), absorption {e.g., gastrointestinal), and/or yield {¢.g., therehy altering the
efficacy}). As used herein, the term “purified smEV composition” or “smEV composition”
refers to a preparation of smEVs that have been separated from at least one associated
substance found in a source material {¢.g., separated from at least one other microbial
component} or any material associated with the smEVs in any process used to produce the
preparation. It can also refer to a composition that has been significantly enriched for
specific components. “Processed microbial extraceihddar vesicles™ (pmEVs) are a non-
natarally-occurring collection of microbial membrane components that have been purified
from artificially lysed microbes {e.g.. bactera) {¢.g., microbial membrane components that
have been separated from other, intracellular microbial cell components), and which may
comprise particles of a varied or a selected size range. depending on the method of
purnification. A pool of pmEVs is obtained by chemically distupting {¢.g.. by lvsozyne
and/or bysostaphin} and/or physically disrupting {¢.g.. by mechanical foree) microbial cells
and separating the microbial membrane components from the intracelhular components
through centrifugation and/or ultracentrifugation, or other methods. The resulting pmEV
mixture contains an enrichment of the microbial membranes and the components thercof
{e.g., peripherally associated or integral membrane proteins, lipids, glveans, polysacchandes,
carboliydrates, other polymers), such that there is an increased concentration of microbial
membrane components, and a decreased concentration {e.g., didution} of mtracelular
contents, relative to whole microbes. For gram-posttive bacteria, pmEVs may include cell or
cvtoplassuic membranes. For gram-negative bacteria, a pmEV may inclade inner and outer
membranes. pmEVs may be modified to increase purity, to adjust the size of particles in the
composition, and/or modified to reduce, increase, add or remove, nucrobial components or
foreign substances to alter efficacy, immune stimulation, stability, immune stimulatory
capacity, stability, organ targeting {¢.g., lymph node), absorption {¢.g., gastrointestinal},
and/or vield {e.g., thereby altering the efficacy). proEVs can be modified by adding,

removing, enriching for, or diluting specific components, mcluding intracelolar components
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from the same or other microbes. As used heren, the term “purified pmEV composition™ or
“pmEV composition” refers to a preparation of pmEVs that have been scparated from at
least one assoctated substance found in a source material {e.g , separated from at least one
other mucrobtal component) or any material associated with the pmEVs in any process used
to produce the preparation. It can also refer to a composition that has been significantly
enriched for specific components.

{108} “Microbiome” broadly refers to the microbes residing on or in body site of a
subject or patient. Microbes 1n a microbiome may include bacteria, viruses, eukaryotic
microorganisms, and/or viruses. Individual microbes in a microbiome may be metabolically
active, dormant, latent, or exist as spores, may exist planktonically or in bicfilms, or may be
present in the mucrobiome in sustainable or transient manner. The microbiome may be a
commensal or healthy-state microbiome or a disease-state microbiome. The microbiome
may be native to the sabject or patient, or components of the microbiome may be modulated,
mtroduced, or depleted due to changes in health state {¢.g., precancerous or cancerous state)
ot treatraent conditions {e.g., antibiotic treatment, exposure to different microbes). In some
aspects, the microbiome occurs at a mucosal surface. In some aspects, the microbiome s a
gut microbiome. In some aspects, the microbiome is a tumor microbiome.

109} A “nucrobiome profile” or a “nucrobiome signature” of a tissue or sample
refers to an at least partial charactenzation of the bacterial makeup of a microbiome. In some
embodiments, a microbiome profile indicates whether atleast 2,3, 4, 5, 6,7, 8, 9, 10, 15, 20,
25, 30, 35, 40, 43, 30, 55, 60, 65, 70, 75, 80, 85, 60, 95, 100 or more bacternial strains are
present or absent in a microbionic. In some emboduments, a sucrobioe profile indicates
whether atleast 2, 3,4, 5,6, 7,8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 73, 80,

> s

85, 90, 95, 100 or more cancer-associated bacterial strains are present i a sample. In some
embodiments, the microbiome profile indicates the relative or absolute amount of cach
bacterial strain detected 1o the sample. In some embodiments, the microbiome profile s a
cancer-associated microbiome profile. A cancer-associated microbiome profile is a
microbiome profile that ocours with greater frequency in a subject who has cancer than in
the general population. In some embodiments, the cancer-associated microbiome profile
comprises a greater number of or amount of cancer-associated bacteria than is normally
present in a microbiome of an otherwise equuvalent tissue or sample taken from an

individual who docs not bave cancer.
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[110] “Modified” m reference to a bacteria broadly refers to a bacteria that has
undergone a change from its wild-type form. Bacterial modification can result from
engineering bacteria. Examples of bacterial modifications inchide genetic modification, gene
expression modification, phenotype modification, formulation modification, chemical
modification, and dose or concentration. Examples of improved properties are described
throughout this specification and include, ¢.g., attenuation, auxotrophy, homing, or
antigenicity. Phenotype modification might include, by way of example, bactena growth o
media that modify the phenotype of a bacterium such that it mereases or decreases virulence.
{111} An “oncobiome” as used herein comprises tumorigenic and/or cancer-
associated microbiota, wherein the microbiota comprises one or more of a virus, a
bacterium, a fungus, a protist, a parasite, or another microbe.

(112] “Oncotrophic” or “oncophilic” microbes and bacteria are mucrobes that are
highly associated or present in a cancer micrognvironment. They may be preferentially
selected for within the environment, preferentially grow in a cancer microenvironment or
hone to a said environment.

{113} “Operational taxonomic units” and “OTU(s)” refer to a terminal leafina
phyvlogenetic tree and is defined by a nucleic acid sequence, ¢.g., the entire genome, or a
specific genetic sequence, and all sequences that share sequence identity to this nucleic acid
sequence at the level of species. Tn some embodiments the specific genetic sequence may be
the 168 sequence or a portion of the 165 sequence. In other embodiments, the entire
genomes of two entities are sequenced and compared. In another embodiment, sclect regions
such as multilocus sequence tags (MLST), specific genes, or sets of genes may be
genetically compared. For 165, OTUs that share > 97% average nuclestide identity across
the entire 168 or some variable region of the 168 are considered the same OTU. Seee.g,,
Claesson M, Wang Q. O’ Sullivan O, Greene-Diniz R, Cole JR, Ross RP, and 0" Toole PW.
2010. Comparison of two next-generation sequencing technologies for resolving highly
complex microbiota composition osing tandem variable 165 rRNA gene regions. Nucleic
Acids Res 38: 2200, Konstantinidis KT, Ramette A, and Tiedje JM. 2006, The bacterial
species definttion i the genomic ora. Philos Trans R Soc Lond B Biol Sci 361 1929-1940.
For complete genomes, MLSTs, specific genes, other than 168, or sets of genes OTUs that
share > 95% average nucleotide wlentity are considered the same OTU. See ¢.g., Achtman
M, and Wagoer M, 2008, Microbial diversity and the genetic nature of microbial species.
Nat. Rev. Microbiol. 6: 431-440. Konstantinidis KT, Ramette A, and Tiedje IM. 2006. The
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bactenal species defimtion in the genomic era. Philos Trans R Soc Lond B Biol Sa 361
19291940, OTUs are frequently defined by comparing sequences between organisms.
Generally, sequences with less than 93% sequence identity are not considered to form part of
the same OTU. OTUs may also be characterized by any combination of nucleotide markers
or genes, in particalar highly conserved genes {e.g., “house-keeping” genes), or a
combination thereof. Operational Taxonomic Units {OTUs} with taxonomic assignments
made to, ¢.g., genus, specics, and phylogenetic clade are provided herem,

{114} As used herein, a gene is “overexpressed” in a bacteria if 1t is expressed at a
higher level i an engineered bacteria under at least some conditions than it is expressed by a
wild-type bacteria of the same specics under the same conditions. Similady, a gene is
“underexpressed” i a bacteria if it is expressed at a lower level m an engineered bacteria
under at least some conditions than it 1s expressed by a wild-tvpe bacteria of the same
species under the same conditions.

{115} The terms “polynucleotide”, and “nucleic acid” are used interchangeably.
They refer to a polymeric form of nuclectides of any length, either deoxyribonucleotides or
ribomiclectides, or analogs thereof. Polyvnucleotides may have any three-dimensional
structure, and may perform any function. The following are non-limiting examples of
polvnucleotides: coding or non-coding regions of a gene or gene fragment, loct (Iocus)
defined from linkage analysis, exons, introns, messenger RNA (mRNA}, micro RNA
{muRNA), silencing RNA (siRNA), transfer RNA, nibosomal RNA, ribozymes, ¢cDNA,
recombinant polynucleotides, branched polynucleotides, plasmids, vectors, isolated DNA of
any sequence, isolated RNA of any sequence, nucleic acid probes, and primers. A
polynucleotide may comprise modified mucleotides, such as methylated nucleotides and
nucleotide analogs. If present, modifications to the nucleotide structure may be imparted
bhefore or after assembly of the polymer. A polynucleotide may be further modified, such as
by conjugation with a labeling component. In all nucleic acid sequences provided herein, U
nucleotides are mterchangeable with T nucleotides.

{116} As used herein, a substance is “pure” if it is substantially free of other
components. The terms “puntfy,” “purifyving” and “punified” refer to bacteria or an mEV
{such as an smEV and/or a pmEV) preparation or other material that has been separated
from at ieast some of the components with which i was associated either when initially
produced or generated {¢.g., whether m nature or in an experimental setting), or during any

time after is utial production. An mEV (such as an smEV and/or a pmEV) preparation or
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compositions may be considered purified if 1t s isolated at or after production, such as from
one or more other bacterial components, and a purified microbe or microbial population may
contain other materials up to about 10%, about 20%. about 30%, about 40%, about 50%,
about 60%, about 70%. about 80%, about 90%, or above about 90% and still be considered
“purified.” In some emboduments, purified mEVs (such as smEVs and/or pmEVs} are more
than about 80%, about 85%, about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%., about 98%, about 99%, or more than about 99% pure.
mEV (such as an smEV and/or a pmEV) compositions {or preparations) are, e.g., purifie
from residual habitat products.

{117 As used herein, the term “purified mEV composition™ or "mEY composition”
refors to a preparation that includes mEVs (such as smEVs and/or praEVs) that bave been
separated from at least one associated substance found in a source material {e.g., separated
from at least one other bacterial component} or any material associated with the mEVs (such
as smEVs and/or pmEVs) in any process used to produce the preparation. It also refersto a
composition that has been significantly enriched or concentrated. In some embodiments, the
mEVs (such as smEVs and/or pmEVs) are concentrated by 2 fold, 3-fold, 4-fold, 5-fuld, 10-
fold. 100-fold, 1000-fold, 10,000-fold or more than 10,000 fold.

{118} “Residual habitat products” refers to material derived from the habitat for
microbiota within or on a subject. For example, fermentation cultures of microbes can
contain contaminants, ¢.g., other microbe strains or forms (e.g., bacteria, virus, mycoplasm,
and/or fungus). For example, microbes live in feces in the gastrointestinal tract, on the skin
itself, 1o saliva, mucus of the respiratory tract, or seerctions of the genttourinary tract (1.¢,
biological matter associated with the microbial community). Sebstantially free of residual
habitat products means that the microbial composition no longer contains the biclogical
matter associated with the microbial environment on or in the culture or human or animal
subject and 1s 100% free, 99% free, 98% free, 97% free, 96% fice, or 95% free of any
contaminating biclogical matter associated with the microbial community. Residual habitat
products can include abiotic materials (inchuding vadigested food} or it can include
unwanted mucroorganisms. Substantially free of residual habitat products may also mean
that the microbial composition contatns no detectable cells from a colture contaminant or a
human or animal and that only microbial cells are detectable. In one embodiment,
substantially free of residual habitat products may also mean that the microbial composition

contains no detectable viral (inchuding bacteria, viruses {(¢.g., phage})}, fungal, mycoplasmal
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contaminants. In another embodiment, it means that fewer than 1x107%, 1x10739%, Ix107%,
Ix109%, 1x10%%, 1x107%, 1x10°% of the viable cells in the microbial composition are
human or anmimal, as compared to microbial cells. There are multiple ways to accomplish this
degree of purity, none of which are Iimiting. Thus, contamination may be reduced by
isolating desired constituents through multiple steps of streaking to single colomes on solid
media untd replicate (such as, but not limited to, two) streaks from serial single colonies
have shown only a single colony morphology. Alternatively, reduction of contanunation can
be accomplished by multiple rounds of serial dilutions to single desired cells (e.g., a dilution
of 107 or 10°), such as through mudtipie 10-fold serial dilutions. This can further be
confirmed by showing that multiple tsolated colonies have similar cell shapes and Gram
staining behavior. Other rmoethods for confirnung adequate punity include genetic analysis
{e.g., PCR, DNA sequencing), serology and antigen analysis, enzymatic and metabolic
analysig, and methods using instrumentation such as flow cytometry with reagents that
distinguish desired constituents from contaminants.

s

{119} As used herein, “spectfic binding” refers to the ability of an antibody to bind
to a predetermined antigen or the ability of a polypeptide to bind fo its predetermined
binding partner. Typically, an antibody or polypeptide specifically binds to its predetermined
antigen or binding partner with an affinity corresponding to a Ko of about 107 M or less,
and binds to the predetermined antigen/binding partner with an affinity {as expressed by Kp)
that 1s at least 10 fold less, at least 100 fold less or at least 1000 fold less than its affinity for
binding to a non-specific and uorelated antigen/binding partner (e.g., BSA, casein).
Alternatively, specific binding applics more broadly to a two component system where one
component is a protein, lipid, or carbohydrate or combination thereof and engages with the
second component which is a protein, lipid, carbohydrate or combination thereof ina
specific way.

{126] “Stramn” refers to a member of a bactenal species with a genetic signature
such that it may be differentiated from closely-related members of the same bacterial
species. The genctic signature may be the absence of all or part of at least one gene, the
absence of all or part of at least on regulatory region {¢.g., a promwoter, a terminator, a
riboswiteh, a ribosome binding site), the absence (“curing™} of at least one native plasmid,
the presence of at least one recombinant gene, the presence of at least one mutated gene, the
presence of at least one foreign gene {a gene derived from another species), the presence at

least one mutated regulatory region {e.g., a promoter, a ternunator, a riboswitch, a ribosome
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binding site}, the presence of at least one non-native plasnud, the presence of at least one
antibiotic resistance cassetie, or a combination thereof. Genetic signatures between different
strains may be wlentified by PCR amplification optionally followed by DNA sequencing of
the genomic region(s) of interest or of the whole genome. In the case i which one strain
{compared with another of the same species) has gained or lost antibiotic resistance or
gained or lost a biosynthetic capability {such as an auxotrophic strain}, strains may be
differentiated by selection or counter-selection using an antibiotic or nutrient/metabolite,
respectively.

{121} The terms “subject” or “patient” refers to any mammal. A sabject or a patient
described as “in need thereof” refers to one in need of a treatment (or prevention) fora
disease. Mammals {i.c., manunalian animals) include humans, laboratory animals (e g.,
primates, rats, mice}, livestock {(¢.g., cows, sheep, goats, pigs), and houschold pets (e g,
dogs, cats, rodents). The subject may be a human. The subject may be a non-human mammal
mcluding but not linuted to of a dog, a cat, a cow, a horse, a pig, a donkey, a goat, a camel, a
mouse, a rat, a guinea pig, a sheep, a llama, a monkey, a gorilla or a chimpanzee. The
subject may be healthy, or may be suffering from a cancer at any developmental stage,
wherein any of the stages are either caused by or opportunistically supported of a cancer
associated or causative pathogen, or may be at risk of developing a cancer, or transmitting to
others a cancer associated or cancer causative pathogen. In some embodiments, a subject has
hing cancer, bladder cancer, prostate cancer, plasmacytoma, colorectal cancer, rectal cancer,
Merkel Cell carcinoma, salivary gland carcinoma, ovarian cancer, and/or melanoma. The
subject may have a tumor. The subject may have a tumor that shows enhanced
macropinocyiosis with the underlying genomics of thus process including Ras activation. In
other erabodiments, the subject has another cancer. In some embodiments, the subject has
undergone a cancer therapy.

122} As used herein, the term “treating” a discase in a subject or “freating” a
subject having or suspected of having a disease refers to administering to the subject to a
pharmaccutical treatment, ¢.g., the adnunistration of one or more ageats, such that at least
one svaptom of the disease is decreased or prevented from worsening. Thus, inone
embodiment, “treating” refers inter abia to delaving progression, expediting remission,
inducing remission, augmenting remission, speeding recovery, increasing efficacy of or
decreasing resistance to alternative therapeutics, or a combination thereof. As used hercin,

the term “preventing” a disease in a subject refers to administering to the subjectto a
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pharmaceutical treatment, e.g., the adnunistration of one or more agents, such that onset of
at least one symptom of the disease is delayed or prevented.

{123} As used herein, a "type" of bacteria may be distinguished from other bacteria
by: genus, species, sub-specics, strain or by any other taxonomic categornization, whether
based on morphology, physiology, genotype, protein expression or other characteristics

known in the art.

{124} In certain aspects, provided herein are pharmaceutical compositions that
comprise mEVs (such as smEVs and/or pmEVs) from Harryflintia acetispora bacteria,
Harryflintic acefispora bacteria, or any combination thereof. In some cmbodiments the
Harryflintia acetispora bacternia are bigh yield strawns of Harryflintia acetispora bacteria. In
some embodiments, the high vield sirain produces at least 3x10° mEVs per liter from a
bioreactor-grown cubtwre.

{125} Inn some embodiments, the Harryfliniia aeetispora bacteria are modified to
reduce toxicity or other adverse effects, to enhance delivery) {e.g., oral delivery) of the
mEVs {such as smEVs and/or pmEVs}, bacteria for pharmaceutical compositions, or any
combination thereof, {e.g., by tmproving acid resistance, muco-adherence and/or penctration
and/or resistance to bile acids, digestive enzymes, resistance to anti-microbial peptides
and/or antibody neutralization), to target desired cell types {¢.g., M-cells, goblet cells,
enterocytes, dendritic cells, macrophages), to enhance thetr immunomodulatory and/or
therapeutic effect of the mEVs (such as smEVs and/or pmEVSs), bacteria, or any combination
thereof {¢.g., either alone or m combination with ancther therapeutic agent), and/or to
enhance inwnune activation or suppression by the mEVs (such as smEVs and/or pmEVs},
bacteria, or any combination thereof {¢.g., through modified production of polysaccharides,
pili, fimbriac, adhesing}. In some embodiments, the engineered Harryflintia acetispora
bacteria described herein are modified to improve manufacturing mEVs {(such as smEVs
and/or pmEVs), bacteria for pharmaceutical compositions, or any combination thereof {e.g.,
higher oxygen tolerance, stability, improved freeze-thaw tolerance, shorter generation
times). For example, in some embodiments, the engincered Harryflintia acefispora bacteria
described melude bacteria harbormg one or more genetic changes, such change being an
nsertion, deletion, translocation, or substitetion, or any combination thereof, of one or more

nucleotides contained on the bacterial chromosome or endogenous plasmid and/or one or
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more foreign plasmids, wherein the genetic change may results in the overexpression and/or
wnderexpression of one or more genes. The engineered Harrvfiintia acetispora bacteria may
be produced using any technigue known in the art, including but not limited to site-directed
mutagenesis, transposon mutagenesis, knock-outs, knock-ins, polymerase ¢hain reaction
mutagenests, chemical mutagenesis, ultraviolet light nnitagenesis, transformation
{chenucally or by electroporation), phage transduction, directed evolution, or any
combination thereof.

{126] In some embodiments, the Harryflintia acetispora bacterial strain is a
bactenal strain having a genome that has at least 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%. 98%, 99%, 99.1%, 99 2%. 99.3%, 99.4%, 99.5%, 99.6%, 99.7%. 99.8% or
99.9% sequence wdeotity to a strain listed in Table 2.

{127} In some embodiments, the mEVs {such as smEVs and/or pmEVs), bacteria,
or any combination thereof, described hergin are obtained from a strain of Harrvflintia
acetispora bacteria comprising a genomic sequence that is at feast 90%, at least 91%, at least
9295, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% sequence identity (e g, at least 99.3% sequence identity, at least 99.6% scquence
identity, at least 99.7% sequence identity, at least 99.8% sequence identity, at least 99 9%
sequence tdentity) to the genomic sequence of the strain of bacteria deposited with the
ATCC Deposit number as provided in Table 2. In some embodiments, the mEVs (such as
smEVs and/or pmEVs), bacterta, or any combination thereof, described herein are obtained
from a strain of Harryflintia acetispora bacteria comprising a 168 sequence that is at least
090%, at least 91%, at least 92%, at least 93%, at least 94%, at least 953%, at least 96%, at
least 97%, at least 98%, or at least 99% sequence identity {(e.g., at least 99.5% sequence
identity, at least 99.6% sequenee identity, at least 99.7% sequence identity, at least 99 8%
sequence identity, at least 99.9% sequence identitv) to the 168 sequence as provided in
Table 2.

{128} In some embodiments, the mEVs (such as smEVs and/or pmEVs}, bacteria,

or any combination thereof, of the pharmaceutical compositions described herein are

tyophilized.
{129} In some embodiments, the mEVs (such as smEVs and/or pmEV s}, bacteria,

or any combination thereof, of the pharmaceutical compositions described herein are gamma

irradiated (e.g., at 17.5 or 25 kGv).
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In some embodiments, the mEVs (such as smEVs and/or pmEVSs), bactera,

or any combmation thereof, of the pharmaceutical compositions described herein are UV

irradiated.

1131

In some embodiments, the mEVs {such as smEVs and/or pmEVs), bacteria,

or any combination thereof, of the pharmaceutical compositions deseribed herein are heat

mactivated {e.g.. at 30°C for two hours or at 90°C for two hours).

(132]

In some embodiments, the mEVs {such as smEVs and/or pmEVs), bactena,

ot any combination thereof, of the pharmaceutical compositions described herem are acid

treated.

[133]

In some embodiments, the mEVs (such as smEVs and/or pmEVs), bacteria,

or any combmation thereof, of the pharmaceutical compositions described herein are oxvgen

sparged {e.g., at 0.1 vvm for two hours).

[134]

The phase of growth can affect the amount or properties of bacteria and/or

and mEVs (such as smEVs and/or pmEVs) produced by bacteria. For example, in the

methods of bacteria preparation provided hercin, bacteria can be 1solated, ¢.g., from a

cultare, at the start of the log phase of growth, midway through the log phase, and/or once

stationary phase growth has been reached. As ancther example, m the methods of preparing

mEVs (such as smEVs and/or pmEVs) provided herein, mEVs (such as smEVs and/or

pmEVs) can be prepared from a culture, at the start of the log phase of growth, midway

through the log phase, and/or once stationary phase growth has been reached.

Table 2: Exemplary Harryflintia acetispora Bacterial Strain

SEQ 1D
NG

Strain

Deposit
Number

165 Ribosomal RNA Sequence

SEQID
NO: 1

Harryflintia
acefispora strain A

PTA-126694

CTAAAGAGTTTGATCCTGGCTCAGGA
CGAACGCTGGCGGCGCGCCTAACACA
TGCAAGTCGAACGGAGAAATGCTGAG
CTIGCTTTGCATTICTTAGTGGUGGAL
GOOTCGAGTAACACGTGAGCAACCTGC
CTTTGTGAGGGGAATAACGTCTGGAA
ACGCGACGCTAATACCGCATAACGTCA
AGGAACCGCATGGTTTTTTIGACCAAA
GATTTTATCGCACAAAGATQGGCTCG
CGOCTCGATTAGCTAGTIGGCGGGHTA
ACGGCCCACCAAGGCGACGATCAGTA
GCOGGACTGAGAGOTTGATCGGUCAC
ATTGGGACTGAGACACGGCCCAGACT
CCTACGOGGAGGCAGCAGTGGGGGATA

(%)
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TTGCACAATGGGGGAAACCCTGATGC
AGCGACGCCGCGTGAGGGAAGACGOT
TITCGGATTICTAAACCTCTGTCTTCAG
GOACGAAATCAATCGACGOGTACCTGAG
GAGGAAGCCACGGCTAACTACGTGCC
AGCAGCCGCGGTAATACGTAGGTGGC
AAGCCTTGTCCGGAATTACTGGOTGT
AAAGGGAGCGTAGGCGGGAATGCAA
GTTGAATGTTTAAACTATCGGUTCAAC
TOATAATCGCGTICAAAACTGCATTIC
TTGAGTOGAGTAGAGGCAGGUGGAAT
TCCTAGTGTAGCGGTGAAATGCGTAG
ATATTAGGAGGAACACCAGTGGLGAA
GGCGGCCTGCTGGOGCTCTAACTGACG
CTGAGGCTCGAAAGUGTGGGTAGCAA
ACAGGATTAGATACCOTGGTAGTCCA
CGCCGTAAACGATGATTACTAGGTGT
GOGOGGACTCGACCCOCTICCOGTGCCGO
AGTTAACACAATAAGTAATCCACCTG
GGGAGTACGGTCGCAAGACTGAAACT
CAAAGGAATTGACGGGGGCCCGCACA
AGCAGTGGAGTATGTGGTTTAATICG
AAGCAACGCGAAGAACCTTACCAGGT
CTTGACATCGTGCGCATACCGTAGAG
ATACGGOAAGTCCTTICGGGACGCATA
GACAGGTGGTGCATGOTTGTICGTCAG
CTCGTQTCGTCGAGATGTTIGGOTTAAGT
CCCGCAACGAGCGCAACCCTTATTAT
TAGTTGCTACGCAAGAGCACTCTAAT
GAGACTGCCGTTGACAAAACGGAGGA
AGUTOGGUGATOACGTCAAATCATCAT
GCCCCTTATGACCTGGGCTACACACG
TACTACAATGGCACTTAACAGAGGGA
AGCAAGACCGCGAGGTGGAGCAAAC
CCCCAAAAAGTGTUTCAGTTCGGATT
GCAGGCTGCAACCCGCCTGTATGAAG
TCGGAATTGCTAGTAATCGCGGATCA
GCATGCCGCGOTGAATACGTTCCCGE
GCCTTGTACACACCGCCCGTCACACT
ATGAGAGCCGGTAACACCCGAAGTCA
GTAGCCTAACCGCAAGGAGGGCGCTG
CCGAAGOTGOGATTGGTGATTAGGGT
GAAGTCGTAACAAGGTAGCCGTATCG
GAAGGTGCGGCTGGATCACCTCCTTT

{135] Under the terms of the Budapest Treaty on the Intomational Recognition of

the Deposit of Microorganisms for the Purpose of Patent Procedure, the Harryflintia
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acetispora Strain A was depostted on March 5, 2020, with the American Type Culture
Collection {ATCC) of 10801 University Boulevard, Manassas, Va. 20110-2209 USA and
was assigned ATCC Accession Number PTA-126694

{136} Applicant represents that the ATCC 1s a depostiory affording permanence of
the deposit and ready accessibility thereto by the public if a patent is granted. All restrictions
on the availability to the public of the material so deposited will be irrevocably removed
upon the granting of a patent. The matenial will be available during the pendency of the
patent application to one determined by the Commussioner to be entitied thereto under 37
CFR .14 and 35 US.C. 122, The deposited material will be maintained with all the care
necessary to keep it viable and vncontaminated for a period of at least five years after the
most recent request for the funishing of a sample of the deposited plasnud, and m any case,
for a period of at least thirty (30) vears after the date of deposit or for the enforceable life of
the patent, whichever period 1s longer. Applicant acknowledges its duty to replace the
deposit should the depository be unable to furnish a sample when requested duc to the

condition of the deposit.

Modified mEVs

{137} I some aspects, the mEVs (such as smEVs and/or poEVs) described herein
are modified such that they comprise, are hinked to, and/or are bound by a therapeutic
moety.

{138} In some cmbodiments, the therapeutic moiety is a cancer-specific moiety. In
some embodiments, the cancer-specific moiety has bindmg specificity for a cancer cell {e g,
has binding specificity for a cancer-specific antigen). In some embodiments, the cancer-
specific moiety comprises an antibody or antigen binding fragment thercof. In some
embodiments, the cancer~-specific motety coraprnses a T cell receptor or a chimeric anfigen
receptor {CAR). Tn some embodiments, the cancer-specific motety comprises a ligand fora
receptor expressed on the surface of a cancer cell or a receptor-binding fragment thereof. In
some embodiments, the cancer-specific moiety s a bipartite fusion protein that has two
parts: a first part that binds to and/or 15 linked to the bacteniuo and a second part that 1s
capable of binding to a cancer cell (e.g., by having binding specificity for a cancer-specific
antigen}. In some embodiments, the first part 1s a fragment of or a full-length peptidoglycan
recognition protein, such as PGRP. In some embodiments the first part has binding

specificity for the mEV {e.g., by having binding specificity for a bactenal antigen). In some
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embodiments, the first and/or second part comprnises an antibody or antigen binding
fragment thereof. In some embodiments, the first and/or second part comprises a T cell
receptor or a chimeric antigen receptor {CAR). In some embodiments, the first and/or second
part comprises a ligand for a receptor expressed on the surface of a cancer cell or a receptor-
binding fragment thercof. In certain embodiments, co-admimsiration of the cancer-specific
moiety with the mEVs {either in combination or in separate administrations) mereases the
targeting of the mEVs to the cancer cells.

{139} In some embodiments, the mEVs described herem are modified such that
they comprise, are hinked to, and/or are bound by a magnetic and/or paramagnetic moiety
{e.g.. a magnetic bead). In some embodiments, the maguetic and/or paramagnetic moiety is
comprised by and/or directly linked to the bacteria. In some embodiments, the magnetic
and/or paramagnetic moiety 1s hinked to and/or a part of an mEV-binding moiety that that
binds to the mEV . In some embodiments, the mEV-binding moicty is a fragment of or a full-
length peptidoglycan recogrition protein, such as PGRP. In some cmbodiments the mEV-
bindimg moiety has binding specificity for the mEV (e.g., by having binding specificity for a
bacterial antigen}. In some embodiments, the mEV-binding moiety comprises an antibody or
antigen binding fragment thereof. In some embodiments, the mEV-binding moiety
comprises a T cell receptor or a chimeric antigen receptor ({CAR). In some embodiments, the
mEV-binding moiety comprises a igand for a receptor expressed on the surface of a cancer
cell or a receptor-binding fragment thereof. In certain embodiments, co-administration of the
magnetic and/or paramagnetic moiety with the mEVs (either together or in separate
administrations) can be used to increase the targeting of the wEVs {c g., to cancer cells

andfor a part of a subject where cancer cells are present.

Production of Processed Microbial Extracellular Vesicles (pmEVs)

{146] In certain aspects, the pmEVs deseribed herein can be prepared using any
method known in the art.

{141} Inn some embodiments, the pmEVs are prepared withowt a pmEV purification
step. For example, in some emboduments, Harmyflintia acerispora bacteria from which the
pmEVs described herein are released are killed using a method that leaves the Harryvflintio
acefispora bacterial pmEVs intact, and the reselting Harryflinfia acetispora bacterial
components, nchiding the pmEVs, are used in the methods and compositions described

herein. In some embodiments, the Harryflintia acefispora bactena are killed using an
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antibiotic {e.g., using an antibiotic described herein}. In some embodiments, the Harvyflintia
acefispora bacteria are killed using UV trradiation.

{142] In some embodiments, the pmEVs described herein are purified from one or
more other Harryflintia acetispora bactenial components. Methods for purifving proEVs
from Harryflintia acetispora bacteria {and optionally, other bactenal components) are
known in the art. In some embodiments, pmEVs are prepared from Harryflintia acetispora
bacterial cultures using methods described in Thein, ef of. {J. Proteome Res. 9{12).6135-
6147 (20103) or Sandnini, ef al. (Bio-protecol 4(21): e1287 (2014)), each of which is hereby
incorporated by reference in 1ts entirety. In some embodiments, the bacteria are cultured to
high optical density and then centrifuged to pellct bacteria {e.g., at 10,000~ 15,000 x g for
10- 13 nun at room teraperature or 4°C). In some embodiments, the supernatanis arc
discarded and cell pellets are frozen at -80°C. In some embodiments, cell pellets are thawe
on ice and resuspended in 100 mM Tris-HCL, pH 7.5 supplemented with | mg/mi DNase L.
In some embodiments, cells are lvsed using an Emulsiflex C-3 (Avestin, Inc.) under
conditions recommended by the manufacturer. In some embodiments, debris and undysed
cells are pelleted by centrifugation at 10,000 < g for 15 min at 4°C. In some embodiments,
superpatanis arc then centrifuged at 120,000 x g for 1 hour at 4°C. In some embodiments,
pelicts are resuspended m ice-cold 100 mM sodium carbonate, pH 11, mcubated with
agitation for 1 hr at 4°C, and then centrifuged at 120,000 x g for | hour at 4°C. In some
embodiments, peliets are resuspended in 100 mM Tris-HC, pH 7.3, re-centrifuged at
120,000 x g for 20 nun at 4°C, and then resuspended in &1 M Tris-HCL pH 7.5 or in PBS.
In some embodiments, samples are stored at -20°C,

{143} In certain aspects, pmEVs are obtained by methods adapted from Sandrnin ot
al, 2014, In some embodiments, Harryflintia acetispora bacterial cultures are centrifuged at
10,000-15,500 x g for 10~15 mun at room temp or at 4°C. To some embodiments, cell pellets
are frozen at ~-80°C and supernatants are discarded. Tn some embodiments, cell pellets are
thawed on ice and resuspended in 10 mM Tris-HCL pH 8.0, I mM EDTA supplemented
with 0.1 mg/mL lysozyme. I some embodiments, saraples are incubated with mixing at
room temp or at 37°C for 30 min. In some embodiments, samples are re-frozen at -80°C and
thawed again on 1ce. In some embodiments, DNase 1 is added to a final concentration of 1.6
mg/mkb and MgCl2 to a final concentration of 100 mM. In some embodiments, samples are
sonicated using a QSonica Q500 sonicator with 7 cyeles of 30 sec on and 30 sec off. ¥n some

embodiments, debris and unlysed cells are pelleted by centrifugation at 10,000 x g for 15
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nin. at 4°C. In some embodiments, supernatants are then centrifuged at 110,000 x g for 15
min at 4°C. In some embodiments, pellets are resuspended in 10 mM Tris-HCL, pH 8.0, 2%
Triton X-100 and meubated 30-60 min with mixing at room temperatuee. o some
embodiments, samples are centrifuged at 110,000 x g for 15 mimn at 4°C. In sonie
embodiments, pellets are resuspended in PBS and stored at -20°C.

{144 In certain aspects, a method of forming {e.g., preparing) isolated Harryflintia
acetispora bacterial pmEVs, described berein, comprises the steps of! (a) contrifuging a
Harryflintia acetispora bacterial culture, thereby formung a first pellet and a first
supernatant, wherein the first peliet comprises cells; (b) discarding the first supematant;{c)
resuspending the first pellet 1 a solution; (d) lysing the cells; {¢) centrifuging the fysed cells,
thereby formung a second pellet and a second supematant; (£} discarding the second pellet
and centrifuging the second sapernatant, thereby fornung a third pellet and a third
supernatant; (g) discarding the third supernatant and resuspending the third pellet in a second
solution, thereby forming the 1solated Harryflintia acetispora bacterial pmEVs.

{145} In some embodiments, the method further comprises the steps of: ()
centrifuging the solution of step (g}, thereby forming a fourth pellet and a fourth supernatant;
(1) discarding the fourth supematant and resuspending the fourth pellet in a third solution. In
some cmbodiments, the method further comprises the steps of! ) centrifuging the solution
of step (1), thereby forming a fifth pellet and a fifth supematant; and (k) discarding the fifth
supernatant and resuspending the fifth pellet in a fourth solution.

{146} I some embodiments, the centrifugation of step (a) is at 10,000 x g. In some
cembodiments the centrifugation of step {a) s for 10-15 muvutes. In some embodiments, the
centrifugation of step {a) is at 4 °C or room temperature. In some embodiments, step (b)
turther comprises freezing the first pellet at -80 °C . In some embodiments, the solution in
step {c} s 100mM Tris-HCL pH 7.5 supplemented with tmg/od DNasel. In some
embodiments, the solution in step (¢} is 10mM Tns-HCL, pH 8.0, ImM EDTA,
supplemented with 0.1 mg/ml lvsozyme. In some embodiments, step (¢} further comprises
incubating for 30 nuautes at 37 °C or room temperature. In some embodiments, step {¢)
further comprises freczing the first pellet at -80 °C | In some embodiments, step (¢} further
comprises adding DNase 1 to a final concentration of 1.6mg/ml. In some embodiments, step
(¢} further comprises adding MgCh {0 a final concentration of 100mM. In some
embodiments, the cells are lysed in step {(d) via homogenization. In some embodiments, the

cells are lysed in step (d) via emudsiflex C3. In some embodiments, the cells are lysed n step
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{d) via sonication. In some embodiments, the cells are somicated mn 7 cveles, wherein each
cycle comprises 30 seconds of sonication and 30 seconds without sonication. In some
embodiments, the centrifiigation of step {e) is at 10,000 x g. In some embodiments, the
centrifugation of step {e) 1s for 15 minutes. In some crabodiments, the centrifugation of step
{¢} is at 4 °C or room temperature,

{147} i some embodiments, the centrifugation of step (f) is at 120,000 x g. In some
embodiments, the centrifugation of step (f) is at 110,000 x g. In some embodiments, the
centrifugation of step {f) 1s for | hour. In some embodiments, the centrifugation of step (f) is
for 15 mimites. In some embodiments, the centrifugation of step (f} is at 4 °C or room
temperature. In some embodiments, the second solution in step {g} is 100 mM sodinm
carbonate, pH 11, In some emboduments, the second solution in step {g) is 19mM Trs-H{I
pH 8.0, 29 triton X-100. In some embodiments, step (g) further comprises moubating the
solution for 1 hoar at 4 °C. In some embodiments, step {g) further comprises incobating the
solution for 30-60 minutes at room temperature. In some embodiments, the centrifugation of
step (h} s at 120,000 x g. In some emboduments, the centrifugation of step (h} 1s at 110,000
x g. In some embodiments, the centrifugation of step (h) 1s for 1 hour. In some
embodiments, the centrifisgation of step (h) is for 15 minutes. In some embodiments, the
centrifugation of step (h) is at 4 °C or roon temperature. In some embodiments, the third
solution in step (1} s 100mM Trs-HCL pH 7.5, In some embodiments, the third solution in
step (1) s PBS. In some embodiments, the centrifugation of step {j} s at 120,000 x g. In
some embodiments, the centrifugation of step (i) is for 20 minutes. In some embodiments,
the centrifugation of step (3) 1s at 4 °C or room ferperature. In some emboduments, the
fourth sohution in step (k) is 100mM Tns-HCL pH 7.5 or PBS.

{148] pmEVs obtained by methods provided herein may be further purified by size
based colunn chromatography, by affinity chromatography, and by gradient
ultracentrifugation, using methods that may mchude, but are not hmited to, use of a sucrose
gradient or Optiprep gradient. Briefly, using a sucrose gradient method, if ammoniam salfate
precipitation or ultracentrifugation were used to concentrate the filtered supernatants, pellcts
are resuspended m 60% sucrose, 30 mM Tris, pH 8.0, If filtration was used to concentrate
the filtered supernatant, the concentrate is buffer exchanged into 60% sucrose, 30 mM Tris,
pH 8.0, using an Amicon Ultra cohumn. Samples are applied to a 35-60% discontinuous
sucrose gradient and centrifuged at 200,000 x g for 3-24 hours at 4°C. Briefly, using an

Optiprep gradient method, if ammonium sulfate precipitation or ultracentnfugation were
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used to concentrate the filtered supernatants, pellets are resuspended in 35% Optiprep in
PBS. In some embodiments, if filtration was used to concentrate the filtered supernatant, the
concentrate is diluted using 60% Optiprep to a final concentration of 35% Optiprep. Samples
are applied to a 35-60% discontinuous sucrose gradient and centrifuged at 200,000 x g for 3~
24 hours at 4°C.

{149} i some embodiments, to confirm sterility and isolation of the pmEV
preparations, pmEVs are serially diluted onto agar mediun used for routine culture of the
bacteria being tested, and incubated using routine conditions. Non-sterile preparations are
passed through a .22 um filter to exclude intact cells. To further increase purity, isolated
pmEVs may be BNase or proteinase K treated.

[156] In some embodiments, the sterility of the pmEV preparations can be
confirmed by plating a portion of the pmEVs onto agar medium used for standard culture of
the bacteria used in the generation of the pmEVs and incubating using standard conditions.
{151} i some embodiments select pmEVs are isolated and enriched by
chromatography and binding surface moictics on pmEVs. In other embodiments, select
pmEVs are tsolated and/or enriched by fhuorescent cell sorting by methods using affimity
reagents, chemical dves, recombinant proteins or other methods known to one skilied m the
art.

{152} The pmEVs can be analyzed, ¢.g., as described in Jeppesen, et al. Cell
177:428 (2019).

{153} In some embodiments, pmEVYs are lyophilized. In some embodiments,
pEVs are gamma irradiated (e.g., at 17.5 or 25 kGv). In some emboduments, pmEVs are
UV irradiated. In some embodiments, pmEVs are heat inactivated {(e.g., at 30°C for two
howrs or at 90°C for two hours). In some embodiments, pruEVYs are acid treated. In some
embodiments, pmEVs arc oxygen sparged {e.g., at 0.1 vy for two hours).

{154] The phase of growth can affect the amount or properties of bacteria. In the
methods of pmEV preparation provided herein, pmEVs can be isolated | e.g., from a culture,
at the start of the log phase of growth, midway through the log phase, and/or once stationary

phase growth has boen reached.
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Production of Secreted Microbial Extracellular Vesicles (smEVs)

{155} In certain aspects, the smEVs described herein can be prepared using any
method known in the art.

{156} In some embodiments, the smEVs are prepared without an sraEV purification
step. For example, in some embodiments, bacteria described heren are killed using a
method that leaves the smEVs intact and the resulting Harrvflintia acetispora bacterial
components, including the smEVs, are used in the methods and compositions described
heren. In some embodiments, the Harryflintia acerispora bacteria are killed using an
antibictic {e.g., using an antibiotic described herein}. In some embodiments, the Harrvflinia
acefispora bacteria are killed using UV irradiation. In some embodiments, the Harryflintia
acetispora bacterta are beat-killed.

{157} In some embodiments, the smEVs described herein are purified from one or
more other Harryfiintia acetispora bacterial components. Methods for purifving smEVs
from: bacteria are known 1o the art. In some embodiments, smEVs are prepared from
Harryflintia acetispora bacterial cultures using methods described in 8. Bin Park, et al.
PLoS ONE. 633017629 (2011} or G. Norheim, ¢t al. PLoS ONE. 13(9): 0134333 (2015}
or Jeppesen, et al. Cell 177:428 (2019), cach of which is hereby incorporated by reference in
its entirety. In some embodiments, the Harryflintia acetispora bactenia are cultured to high
optical density and then centrifuged to pellet Harryflintia acetispora bacteria {e.g., at 10,000
x g for 30 mun at 4°C, at 15,300 x g for 15 nun at 4°C). In some embodiments, the colture
supernatants are then passed through filters to exclude intact bactenial cells (¢.g., 2 0.22 pm
filter). ¥o some embodiments, the supernatants are then subjected to tangential flow
filtration, during which the supernatant is concentrated, spectes smaller than 100 kDa are
removed, and the media is partially exchanged with PBS. In some embodiments, filtered
supernatanis are centrifuged to pellet bacterial smEVs {e.g., at 100,000-150,000 x g for 1-3
hours at 4°C, at 200,000 x g for 1-3 hours at 4°C). In some embodiments, the smEVs are
further punfied by resuspending the resulting smEV pellets (e.g., in PBS), and applying the
resuspended smEVs to an Optiprep {(iodixanol} gradient or gradient {¢.g.. a 30-60%
discontinuous gradient, a 9~-45% discontinuous gradicunt), followed by centrifugation {e.g., at
200,000 x g for 4-20 hours at 4°C}. smEV bands can be collected, diluted with PBS, and
centrifuged to pellet the smEVs {e.g., at 150,000 x g for 3 howrs at 4°C, at 200,000 x g for 1

hour at 4°C). The purified smEVs can be stored, for example, at -80°C or ~20°C until use. In
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some embodiments, the smEVs are further purified by treatment with DNase and/or
proteinase K.

[158] For example, in some embodiments, cultures of Harryflintia acetispora
bacteria can be centrifuged at 11,000 x g for 20-40 nun at 4°C to pellet bactenta. Colture
supernatants may be passed through a 0.22 wm filter to exclude intact bacterial cells. Fiktered
supernatants may then be concentrated using methods that may include, but are not linuted
to, anunonium sulfate precipitation, ultracentrifugation, or filtration. For example, for
ammonium sulfate precipitation, 1.5-3 M ammontom sulfate can be added to filtered
supernatant slowly, while stirring at 4°C. Precipitations can be tncubated at 4°C for 8-48
hours and then contrifuged at 11,000 x g for 20-40 min at 4°C. The resulting pellets contain
bacteria smEVs and other debris. Using ultracentrifugation, filtered supematants can be
centrifuged at 100,000-200,000 x g for 1-16 hours at 4°C. The pellet of this centrnifugation
contains bacteria smEVs and other debris such as large protein complexes. In some
cmbodiments, using a filtration technique, such as through the use of an Amicon Ultra spin
filter or by tangential flow filtration, supernatants can be filtered so as to retain species of
molecular weight > 50 or 100 kDa.

{159 Altemnatively, smEVs can be obtained from Harryflintia acetispora bacteria
cultures continuously duting growth, or at selected time points during growth, for example,
by connecting a bioreactor to an altemating tangential flow (ATF) system {e.g., XCell ATF
from Repligen). The ATF system retains intact cells (>0.22 am) in the bicreactor, and allows
smaller components {¢.g., smEVSs, free proteins) to pass through a filter for collection. For
cxample, the system mayv be configured so that the <0.22 um filirate is then passed through a
second filter of 100 kDa, allowing species such as smEVSs between 0.22 um and 100 kDato
be collected, and species smaller than 100 kDa to be pumped back wuxto the bioreactor.
Alernatively, the systern may be configured to allow for medium in the bioreactor to be
replenished and/or modified dunng growth of the culture. smEVs collected by this method
may be forther purified and/or concentrated by ultracentrifugation or filtration as described
above for filtered supematants.

{160} smEVs obtained by methods provided herein may be futther punfied by size-
based column chromatography, by affinity chromatography, by ion-exchange
chromatography, and by gradient oltracentrifugation, using methods that may include, but
arc not linuted to, use of a sucrose gradient or Optiprep gradient. Bricfly, using a sucrose

gradient method, if ammonium sulfate precipitation or uliracentnfugation were used to
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concentrate the filtered supematants, peliets are resuspended n 60% sucrose, 30 mM Tris,
pH 8.0, If filtration was used to concentrate the filtered sopernatant, the concentrate is buffer
exchanged into 60% sucrose. 30 miM Tris, pH &.0, using an Amicon Ultra column. Samples
are applied to a 35-60% discontinuous sucrose gradient and centrifuged at 200,000 x g for 3~
24 hours at 4°C. Briefly, using an Optiprep gradient method, if ammonnum sulfate
precipitation or ultracentrifugation were used to concentrate the filtered supernatants, pellets
are resuspended in PBS and 3 volumes of 60% Optiprep are added to the sample. In some
embodiments, if filiration was used o concentrate the filiered supematant, the concentrate is
dihuted using 60% Optiprep to a final concentration of 35% Optiprep. Samples are applied to
a 0-45% discontinuous Optiprep gradient and centrifoged at 200,000 x g for 3-24 hours at
4°C, ¢.g., 4-24 hours at 4°C.

{151} In some embodiments, to confirm sterility and 1solation of the smEV
preparations, smEVs are serially diluted onto agar medium used for routine culture of the
bacterta being tested, and incubated using routineg conditions. Non-sterile preparations are
passed through a 0.22 um filter to exclude ttact celis. To further increase purnity, isolated
smEVs may be DNase or proteimnase K ireated.

{162} In some embodiments, for preparation of smEVs used for in vivo injections,
purified staEVs are processed as described previously (G Norheim, et al. PLoS ONE. 10(9):
¢(134353 (2015})). Briefly, after sucrose gradient centrifugation, bands contaiming smEVs
are resuspended to a final concentration of S0 pg/mL in a solution containing 3% sucrose or
other solution suitable for in vivo injection known to one skilled in the art. This solution may
also contain adjuvant, for exanple alustnum bydroxide at a concentration of 0-6.5% (w/v).
In some embodiments, for preparation of smEVs used for in vivo mjections, smEVs in PBS
are sterile-filtered to < 0.22 um.

{163} In certain cbodiments, to make samples compatible with further testing
{¢.g., to remove sucrose prior to TEM imaging or in vitro assays), samples are buffer
exchanged into PBS or 30 mM Tns, pH 8.0 using filtration {e.g., Amicon Ultra columns},
dialysis, or ultracentrifugation (200,000 x g, > 3 hours, 4°C) and resuspension.

[164] In some embodiments, the sterility of the smEV preparations can be
confirmed by plating a portion of the smEVs onto agar medium used for standard culture of
the bacteria used in the generation of the smEVs and incubating using standard conditions.
[165] In some embodiments, select smEVs are isolated and enniched by

chromatography and binding surface moietics on smEVs. In other embodiments, select
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smEVs are isolated and/or enriched by fluorescent cell sorting by methods using affinity
reagents, chemical dves, recombinant proteins or other methods known to one skilled in the
art.

{166} The smEVs can be analvzed, ¢.g., as described m Jeppesen, ot al. Cell
177:428 (2019).

{167} In some embodiments, smEVs are lyophilized. In some embodiments, smEVs
are ganuna trradiated {e.g., at 17.5 or 25 kGy). In some embodiments, smEVs are UV
irradiated. In some embodiments, smEVs are heat mactivated {e.g., at 30°C for two hours or
at 90°C for two hours). In some embodiments, smEVs s are acid treated. In some
embodiments, smEVs are oxygen sparged {e.g., at 0.1 vvm for two hours}).

{168} The phase of growth can affect the amount or properties of Harryflintia
acefispora bactenia and/or smEVs produced by Harryflintia acetispora bactena. For
example, in the methods of smEV preparation provided herein, smEVs can be isolated, e.g.,
from a culture, at the start of the log phase of growth, midway through the log phase, and/or
once stationary phase growth has been reached.

{169} The growth environment (¢.g., culture conditions) can affect the amount of
smEVs produced by Harryfliniia acetispora bacteria. For example, the vield of smEVs can
be mcreased by an smEV mducer, as provided m Table 3.

Table 3: Culture Technigues to Increase smEVY Production

smEV mnducement smEY inducer Acts on
Teraperature
Heat Stress response
RT 10 37 °C tenip change simulates mfection
37 to 40 °C temp change febrile infection
ROS
Plumbagin oxadative stress response
Cumene hydroperoxide oxidative stress response
Hydrogen Peroxide oxidative stress response
Antibiotics
Ciprofloxacin bacterial SOS response
Gentamyein protem synthesis
Polymyxin B outer membrane
D-cyleloserine cell wall
Osmolyte
Na(’l osmotic stress
Metal Ion Stress
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Iron Chelation iron levels
EDTA removes divalent cations
Low Henun iron levels
Media additives or
removal
Lactate growth
Amino acid deprivation stress
Hexadecane stress
Ghicose growth
Sodum bicarbonate ToxT nduction
PQS vesiculator (from bactena)
membrane anchoring
Diamines+ DFMO (negativicutes only)
High mutrients enhanced growth

Low nutrients

Other mechanisms

Oxygen oxvgen stress in anaerobe
No Cysteine oxXygen stress i anacrobe
Inducing biofilm or
floculation
Diarexic Growth
Phage
Urea
{170 In the methods of smEVs preparation provided herein, the method can

optionally include exposing a culture of Harryflintia acetispora bactenato an smEY mnducer
prior to 1solating smEVs from the bacterial cubture. The culture of Harryflintia acetispora
bactera can be exposed to an smEV inducer at the start of the log phase of growth, midway

through the log phase, and/or once stationary phase growth has been reached.

Pharmaceutical Compositions

{171} in certain aspects, provided herein are pharmaceutical compositions {¢.g.,
bacterial fornmulations or bacterial compositions) that comprise mEVs {(such as smEVs
and/or pmEVs), bacteria, or any combination thereof, obtained from Harmyflintia acetispora
bactena.

{172} In certain aspects, provided herein are pharmaceutical compositions
comprising Harnyflintia acetispora desceribed hercin and a pharmaceutically acceptable

carrier.
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{173} In some embodiments, the pharmaceutical composition comprises about 1 x
109, 5x 1P, I x 108, 2 x 109, 3 x 108, 4 x 100, 53 x 105, 6 x 108, 7x 100, 8 x 106, 6 < 10°, I «
W o2x HY 3x 107, 4x 107 3x 107, 6 x 107, 7x 107, 8x 107, 9x 107, 1 x 10%, 2x 105, 3 x
108, 4x 108, 5 x 10, 6 x 108, 7x 108, 8 x 105, 9 x 10%ar [ x 16°, [ x 10, 2x1079, 2.1x 101,
2.2x10°0, 2.3x10%) 7 431010 2 5x10%0, 2. 6x 1010, 2. 7x10%0, 2 8x 101, 2 91010, 3x 101,
3.x1090, 3.2x101, 3 3x10%0, 3.4x1010, 3 5x 100, 3651040, 3.7x1019, 3 8x10%C, 3. 9x1019,

4x 10 3x1010, 6x 1010, 7x 1019, 8x101%, Ox1010, {101, | Ix10H, 1.2x108, 1310,
LA, 1.5x107 ) Loxd0l, L7<10M, 18x 1077, 1.9x101, 2x101, 2. 1x10Y, 2.2x 101,
23x10M 2 45107 2 5x310Y, 2.6<10%, 2. 7x10°, 2 8101, 2. 9x10Y, 3x10%, 3 Ix10Y,
3.2x10M, 335101 3.4x101, 35x 100, 3.6x161, 3,710, 3.8x101, 3.9x101, 4x101 3x10H,
6x10M, Tx10M, 8x10M, 9x10, 1x10Y, 1.5x10" colony forming units (CFU} of Harryflintia
acefispora (e.g., Harryfiintia acetispora Strain A).

{174} In some embodiments, the pharmaceutical composition comprises at least 1 x
10,5105, 1x 105 2x 105 32105 4x10% 5 x 10% 6 x 10°, 7x 10%, 8 x 105, 0x 105, 1 x
W, 2x 107, 3% 107, 4x 107, 3 x 107, 6 x 107, Tx 107, 8 x 107, 9x 107, 1 x 108, 2 x 108, 3 x
105 4x 108 5 x 108 6 x 108, 7x 10%, 8§ x 10%, 9x 10%r 1  30°, 1 x 10, 2x101°, 2 1x107,
2.2x10M 2311010 2 4x1019, 2 5x 100, 2.6x101°, 2 710, 2. 82101, 2 Ox101 3x 101,
3x10M, 3 2x 1010 33x101°, 3 4100, 3 5x161°, 3.6x10%, 3 7x 1019, 3 8x10%°, 3 9x101C,
4x1010 31070, 6100, Tx10%0, 8x1010, 9x 101, Ix10W, Ix10M, 1.2x10Y, 1 3x101,
14x10M 1 5x10M, 1 exi0M, 1.7x10M, 18«10, 1.9x10Y 2x10H, 2 1x101, 2 2x101,
23x101, 2.4x10M, 255101 2.6x10M, 2. 710, 2.8x104, 2.9x101, 3x10M, 3.1x101,
32x10M 33x100, 3 45100, 35101, 3.6x10Y, 3 7x101L 3.8x10M, 3. 9x 0V, 4x10M 5x1077,
6x 10U, Tx 10 8x 10 ox10ML 11012, 1.5x10%? colony forming units (CFUY of Harryfliniia
acetispora {c.g., Harryflintia acetispora Strain A).

175] In some embodiments, the pharmaceutical composition comprises at most 1 x
10°, 5 10°%, I x 106, 2 10%, 3 x 105, 4 x 105, S 105 6 x 105 7Tx 105, 8 x 105, 8 x 105, {1 x
107, 2< 107, 3% 107, 4x 107, 5x 107, 6 x 107, Tx 107, 8 x 307, 9 x 17, 1 x 108, 2 x 108, 3 x
10,4105 5x 108 6108, 7x 105, 8 x 105, 9% 10%0r 1 x £0°, 1 x 100, 221010 2 1x10%,
2.2x10% 2. 3x10%, 2.4x10', 2.5x101°, 2.6x 100, 2. 7x101, 2 8109, 2 9% 101, 3x101°,
3101, 3.2x1079, 3350010, 3.4<10%°, 3.5x 100, 3.6x10%, 3.7x10%9, 3 .8x 10, 3.9x10%,
4x101, 5x10%, 6x101¢ 7x10%0) 8x10'¢ 9«10 1x10M, LIx10Y, 1.2x101, 1.3x104,
a0 15100 16x10M, 1 7<10M, 1810, 19108 2<104) 2 1x101, 2. 2x101,
2.3x10H, 245101 2 55101 2.6x10Y, 2. 7161 2.8x 10 2.9x 101, 3x10, 3. x10!,
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3.2x10M 33x10M, 3.4x10Y, 35510, 3.6x10%, 3.7x101 3.8x10%, 3.9x10Y, 4x10M 5x10Y,
6x 10U, Tx10W, 8x 101, ox10M 11012, 1.5x10%? colony forming units (CFUY of Harryfliniia
acetispora {¢.g., Harryflintia acetispora Stram A).

{176} In some embodiments, the pharmaceutical composition comprises about 1 x
105, 5% 105, 1= 105, 2x 105, 3 x 10%, 4 x 10°, 5 x 105, 6 x 105, 7 % 10°, 8 x 10°, 9 x 166, 1 x
0,25 107.3x107.4x 107, 5x 107, 6x 107, 7x 107, 8x 107, 9x 107, 1 x 108, 2x 108, 3x
0% 4x 105, 5 x 10%, 6% 165, 7Tx 105, 8 x 105, 9 x 10%or I x 10F, T x 108, 2x101°, 2.1x10%,
22101, 2351079, 2. 4x101°, 2551610, 2.6x10°C, 2.7x101, 2. 8x1019, 2 9x10'°, 3x 101,
3.Ex10%03.2x10% 3.3x101°, 3.4x10'0 3. 5x10°0, 3.6x101°, 3. 7x10'9, 3 8x10%°, 3.9x101°,
4x101°. 3x1019, 651010, 710 83100, 0x10%°, 1x10 1.Ix10M, 12x10 135101,

1A% 107, 15x101 16x10™, £ 7x 101, 1810 1.9%10"7, 2x107, 2. 1101, 2.2x10',
2.3x10%, 2.4x101, 2 55101 2 6x 10, 2. 7x 10 2.8x10%, 2.9x101, 3x10M, 3,110,
3.2x10% 3.3x10, 3 4510 3.5x101, 365101, 3. 7x101, 3.8x101L 3.9¢10", 4x10' Sx101,
exi0 70N, 8x10M, Ox10 Ix10Y, 1.5x10°% total cells of Harryflindia acetispora (e .,
Harryflintia acetispora Stram A).

177} In some embodiments, the pharmaceutical composition comprises at least I x
0P, 5 x 10°, I x 100 2x 100, 3x 100, 4 x 100, 3 x 100, 6 x 10°, 7x 10°, 8 x 10%, O x 108, 1 x
107, 2x 107, 3x 107, 4x 107, 5 x 107, 6 x §O7, Tx 107, 8 x 107, 9x W, 1 x 105, 2x 108, 3 x
108, 4x 108, 5 < 105, 6x 108, 7% 105, 8 % 105, 9 x 10%r 1 x 10%, £ x 10'0, 2x10'0, 2 1x10%
2.2x109, 2.3x10%, 2 4101, 2.5x10%°, 2 6x101¢, 2.7x10%0, 2.8x101, 2 9101 3x101°,
31101 3.2x10% 3 3x10', 3.4x10%, 2 5¢10'°, 3 6x10%, 3 7x1010, 3 8x 1010, 3 9x10%0

4x 10 5x10Y, 6x101, 7x101, 8x1017, Ox161°, {x10M, 1 IxE0Y, 1 2x10, 1.3x1077,
14Ax10ML 155107 F6x101, L7101, 1.8x107, 1.9x10M 2«10, 2 1x10Y, 2.2x101,
2.3x10M 2 45101 2 55101, 2. 6x 107, 2.7x104, 2.8x10M, 2. 9x10% 3x10M, 3 ix101,

32x 100, 3 3x 101 3.4xE0M, 3 5xE0H, 3.6x 10 3.7x 10, 3 8x 101, 3.0x10, 4x10M Sx 104,
6101, Tx10M, 8101, 9x107, Ix10%, 1.5x10% total cells of Harmyflintia acetispora (¢ .g.,
Harryflintia acetispora Stram A}

{178] I some cmbodiments, the pharmaceutical composition comprises at most 1 x
W52 10°, 1x 105 2% 105 3x 109 4x 105, 5 x 10%, 6 x 108, 7x 10°, 8x 106, 9x 108, 1 x
W, 2x W7 3x 107, 4x 107, 5x 107, 6x 107, 7Tx 107, x 107, 9x 107, 1 x 108, 2x 108, 3
108 4% 10% 5 x 108, 6 x 108 7x 10%, 8 x 10%. 9 x 10%0r 1 x 10°, 1 x 1010, 2x101°, 2. 1<107,
2.2x10M 231101, 2 41017, 2 5x 100, 2.6x101°, 2. 710, 28210, 2. 6x10Y 3xi019,

3010703 2109, 3.3x10%°, 3 4% 1010, 3 551610, 3.6x1079, 3 7x1019, 3.8<10%°, 3 9x101C,
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4x 10 Sx10Y 6x101, Tx1010, 8x101, Ok 1010 {x10M, 1 IxFOY, 1.2x10%, 13101,
14x10M, 1.3x10%7 Lex30V, L7«10%) 1.8x1070, 1.9x10% 25101, 2 1x10%, 2. 2x101,
23x10M 2 4101 2.5x10, 2.6x101) 2. 7x10H 2. 8x10M) 2 9x 10! 3x101, 3.1x101]
3.2x101, 3 3x104, 3.4x101, 3.5x 10, 3.6x101, 3.7x10Y, 3 8x 101, 3.9x101, 4x10M 5x10t,
Gx 107 Tx10Y 8x10Y) 9x10Y ) 1104, 1.5x10" total cells of Harmyflintia acetispora {e g,
Harryflintia acetispora Strain A},

{179] In certain embodiments, the pharmaceutical compaosition can include a total
protein amount of at least 5 mg (e.g., at least 10 mg, 20 mg, 30 mg, 40 mg, 50 mg, 60 mg, 70
mg, 30 mg, 90 mg, 100 mg, 110 mg, 120 mg, 130 mg, 140 mg, 150 mg, 160 mg, 170 mg,
180 mg, 190 mg, 200 mg, 210 mg, 220 mg, 230 mg, 240 mg, 250 mg, 260 mg, 270 mg, 280
mg, 290 mg, 300 mg, 310 mg, 320 mg, 330 mg, 340 mg. 350 mg, 360 mg, 370 mg, 380 mg,
390 mg, 400 mg, 410 mg, 420 mg, 430 mg, 440 mg, 450 mg, 460 mg, 470 mg, 480 mg, 490
mg, 300 mg, 310 mg, 520 mg, 530 mg, 540 mg, 350 mg, 360 mg, 570 mg, 580 mg, 590 mg,
600 mg, 610 mg, 620 mg, 630 mg, 640 mg, 650 mg, 660 mg, 670 mg, 680 mg, 690 mg, 700
me, 710 mg, 720 g, 730 mg, 740 mg, 750 mg, 760 mg, 770 mg, 780 g, 790 mg, 800 mg,
310 mg, 320 mg, 830 mg, 840 myg, 850 mg, 860 mg, 870 mg, 830 mg, 890 myg, or 900 mg,)
and no more than 900 mg {e.£., no more than 890 mg, R&0 mg. 870 mg. 8360 mg, 850 mg,

840 mg, 830 mg, 820 mg

o, $10 mg, 800 mg, 790 mg, 780 mg, 770 mg, 760 mg, 750 mg, 740

mg, 730 mg, 720 mg, 710 mg, 700 mg, 690 mg, 680 mg, 670 mg, 660 mg, 650 mg, 640 mg,
630 mg, 620 mg, 610 mg, 600 mg, 590 mg, 580 mg, 570 mg, 360 mg, 550 mg, 540 mg, 530
mg, 320 mg, 510 mg, 500 mg, 490 mg, 480 mg, 470 mg, 460 mg, 450 mg, 440 mg, 430 mg,
420 mg, 410 mg, 400 g, 390 mg, 380 mg, 370 mg, 360 mg, 350 rog, 340 mg, 330 mg, 320
mg, 313 mg, 300 mg, 290 mg, 280 mg, 270 mg, 260 mg, 250 mg, 240 mg, 230 mg, 220 mg,
210 mg, 200 mg, 190 mg, 180 mg, 170 mg, 160 mg, 150 mg, 140 mg, 130 mg, 120 mg, 110
mg, 100 mg, 90 mg, 80 mg, 70 mg, 60 mg, 30 mg, 40 mg, 30 mg, 20 mg, or 10 mg) {c.g. as
determined by a Bradford assay, as determined by a BCA assay). In certain embodiments,

the pharmaceutical composition can include a total protein amount of about 10 mg, about 20
mg, about 30 mg, about 40 mg, about 30 mg, about 60 mg, about 70 mg, about 80 mg, about
90 mg, about 100 mg, about 110 mg, about 120 mg, about 130 mg, about 140 mg, about 150
mg, about 160 mg, about 170 mg, about 180 mg, about 190 mg, about 200 mg, about 210

mg, about 220 mg, about 230 mg, about 240 mg, about 250 mg, about 260 mg, about 270

g, about 280 mg, about 290 mg, about 300 mg, about 310 mg, about 320 mg, about 330

mg, about 340 mg, about 350 mg, about 360 mg, about 370 mg, about 380 mg, about 390
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=

mg, about 400 mg, about 410 mg, about 420 mg, about 430 mg, about 440 mg, about 450

to

mg, about 460 mg, about 470 myg, about 480 mg, about 450 mg, about 500 mg, about 510

o

mg, about 520 mg

tok]

about 330 mg, about 540 mg. about 550 mg

t=2]

about 560 mg, about 370
mg, about 380 mg, about 390 mg, about 600 mg, about 610 mg, about 620 mg, about 630
mg, about 640 mg, about 650 mg, about 660 mg, about 670 mg, about 680 mg, about 690
mg, about 700 mg, about 710 mg, about 720 mg, about 730 mg, about 740 mg, about 750
mg, about 760 mg, about 770 mg, about 780 mg, about 790 myg, about 800 mg, about 810
mg, about 820 mg, about 830 mg, about 840 mg, about 850 mg, about 860 mg, about 870
mg, about 880 mg, about 890 mg, or about 900 mg {e.g, as determined by a Bradford assay,
or as determined by a BCA assay).

{180} In some embodiments, the pharmaceutical composition can nclude a total
amount of Harryflintia acetispora bacteria of at least S mg {e.g., at least 6 mg, at least 7 mg,
at least 8 mg, at least 9 mg, at least 10 mg, atleast 11 mg, at least 12 mg, at least 13 mg, at
least 14 mg, at least 15 mg, at least 16 mg, at least 17 mg, at least 18 mg, at least 19 mg, or
at least 20 mg) and vo more than 20 mg {¢.g., no more than 19 mg, no more than 18 mg, no

more than 17 myg, no more than 16 mg, no more than 15 mg

p=2

no more than 14 mg, no more
than 13 mg, no more than 12 me, no more than 11 me, no more than 10 mg, no more than 9
mg, no more thas £ mg, no more than 7 mg, no more than 6 mg, no more than S gl {e.g. as
determined by a Bradford assay, or as determined by a BCA assay). In some embodiments,
the pharmaceutical composition can include a total amount of Harrvfiintia acetispora
bacteria of about S mg, about 6 mg, about 7 mg, about 8 mg, about 9 mg, about 10 mg, about
11 mg, about 12 mg, about 13 mg, about 14 mg, about 15 mg, about 16 mg, about 17 mg,
about 18 mg, about 19 mg, or about 20 mg {(¢.g., as determined by a Bradford assay, or as
determined by a BCA assay).

[181] In certain embodiments, the pharmaceutical composition {¢.g., composition
of the total dose administered, ¢.g., onee or twice daily) comprises at least 1 x 10'% total cells
{e.g., at least 1 x 10'% total cells, at least 2 x 10’ total cells, at least 3 x 109 total cells, at
least 4 x 1017 total cells, at least 5 x 101 total celis, at least 6 x 1017 total cells, at least 7 x
10 total cells, at loast 8 x 10'° total cells, at least 9 x 10 total celis, at least 1 x 10V total
cells of the Harryvflintia acetispora bactenia. Tn some embodiments, the pharmaceutical
composition comprises no more than 9 < 10 total cells {e.g., no more than 1 x 10 total
cells, no more than 2 x 10! total cells, no more than 3 x 10 total cells, no more than 4 x

10°0 total cells, no more than 5 x 10! total cells, no more than 6 x 10 total cells, no more
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than 7 x 10" total cells, no more than 8 x 10 total celis, no more than 9 x 10 total cells,
no more than 1 x 10'! total cells, no more than 2 x 10" total cells, no more than 3 x 10
total cells, no more than 4 x 10'! total cells. no more than 3 x 16! total cells. no more than 6
x 10" total cells, no more than 7 x 10 total cells, no more than 8 x 10 total cefls) of the
Farryflintia acetispora bactena. In some embodiments, the pharmaceutical composition
comprises about 6 x 107 total cells of the Harryflintic acefispora bacteria.

{182} In some embodiments, the bacterial and/or pharmaceutical composition
comprises hive, killed, attenuviated, lvophilized, and/or wradiated {e.g., UV or gamima
iradiated) bacteria. Bacteria may be heat-kitled by pasteurization, stenilization, high
temperature treatment, spray cooking and/or spray drying (heat treatments can be performed
at 50°C, 63°C, 85°C or a vanety of other tomperatures and/or a varied amount of time).
Bacteria may also be killed or inactivated using y-irradiation (gamma irradiation), exposure
to UV light, formalin-mactivation, and/or freezing methods, or a combination thereof. For
example, the bactenia may be exposed to 1, 2, 3, 4,5, 10, 15, 20, 25, 30, 35, 40, or 50kGy of
radiation prior to administration. In some embodiments, bactena are killed using ganmma
irradiation. In some embodiments, the bacteria are killed or inactivated using electron
wradiation {g.g., beta radiation) or x-ray irradiation.

{183] In some embodiments, the bacteria in the bacterial and/or pharmaceutical
composition described herein are killed using a method that leaves the disease modulating
activity of the bacteria intact and the resulting bactenal components are used in the methods
and compositions deseribed herein. In some embodiments, the bacteria in the composttion
described herein are killed using an antibictic {(¢.g., using an antibiotic described hercin}. In
some embodiments, the bacteria in the composition described herein are killed using UV
wradiation.

{184} In some embodimenis, the bacteria i the composition described herein are
killed using heat (temperature) sterilization, filtration, and radiation using methods konown to
those skilled in the art (Garg M., see the World Wide Web at

biclogydiscussion com/microorganisms/sterilizatiion/top-3-physical-methods-ased-to-kili-
microorganisms/53243). The bacteria may be killed via E-beam using methods known to
those skilled in the art (STLINDIR M. et al, FABAD J. Pharm. Sci., 34, 43-33, 2009). In
some embodiments, the bacteria in the composition described herein are killed and/or
atteniated by a chemical agent, for example, aldehydes, ¢.g., formaldehyde, glataraldehyde,

and the like; food preservative agents such as SO», sorbic acid, benzoic, acid, nitrate, and
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nitrite salts; gases such as ethylene oxide: halogens, such as 1odine, chlonine, and the tike;
peroxygens, sach as ozone, peroxide, peracetic acid; bisphenols: phenols; phenolics;
biguanides, ¢ g., chlorhexidine; and the like.

{185]

ous growth phases

» fested for efficacy usi

{186} In certain crabodiments, provided herein are pharmaceutical compaositions
comprising mEVs (such as smEVs and/or pmEVs}) {e.g., an mEV composttion (.., an
smEV composttion or a pmEV composition)) from Harryflintia acetispora {e.g.,
Harryflintio acetispora Strain A}, In some embodiments, the mEV composition comprises
mEVs (such as smEVs and/or pmEVYs) and/or a combination of mEVs (such as smEVs
and/or pmEVs) descrbed herein and a pharmaceutically acceptable carrier. In some
embodiments, the smEVY composition comprises smEVs and/or a combination of smEVs
described herein and a pharmaceutically acceptable carrier. In some embodiments, the
prEV composition comprises pmEVs and/or a combination of pmEVs described herein and
a pharmaceutically acceptable carrier.

{187} in some embodiments, the pharmaceutical compositions comprise mEVs
{such as smEVs and/or pmEVs) substantially or entirely free of whole bacteria {e.g., live
bactenia, killed bacteria, aticnuated bacteria). In some embodiments, the pharmaceutical
compositions comprise both mEVs and whole bacteria (¢.g., live bacteria, killed bacteria,
attennated bacteria). In some embodiments, the pharmaceutical composition comprises
Ivophilized mEVs (such as smEVs and/or pmEVs). In some cmmbodiments, the
pharmaceutical composition comprises gamma irradiated mEVs {such as smEVs and/or
pmEVs). The mEVs {such as smEVs and/or pmEVs) can be gamima trradiated after the
mEVs arc isolated (c.g., prepared). In some crmbodiments, the pharmaceutical compositions
comprise mEVs from Harmyflintia acetispora Strain A

[188] In some embodiments, to gquantify the mumbers of mEVs {(such as smEVs
and/or pmEVs) and/or bacteria present in a bactenial sample, electron microscopy (e.g., EM
of ultrathin frozen sections) can be used to visualize the mEVs {such as smEVs and/or

pmEVs) and/or bactena and count their relative numbers. Altermatively, nanoparticle
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tracking analvsis (NTA), Coulter counting, or dynamic hight scattering (DLS}ora
combination of these techniques can be used. NTA and the Coulter counter count particles
and show their sizes. DLS gives the size distribution of particles, but not the concentration.
Bacteria frequently bave diameters of 1-2 um {mucrons). The full range 15 0.2-20 um.
Combined results from Coulter counting and NTA can reveal the numbers of bactena and/or
mEVs (such as smEVs and/or pmEVYs) in a given sample. Coulter counting reveals the
numbers of particles with diameters of 0.7-10 wm. For most bacterial and/or mEV {such as
smEV and/or pmEV) samples, the Coulter counter alone can reveal the number of bactenia
and/or mEVs (such as smEVs and/or pmEVs) in a sample. pmEVs are 20600 nm in
diameter. For NTA, a Nanosight instrument can be obtained from Malvern Pananlytical. For
example, the NS300 can visualize and raecasure particles in suspension in the size range 10-
2000um. NTA allows for counting of the nambers of particles that are, for example, 50-1000
om in diameter. DLS reveals the distribution of particles of different diameters within an
approximate range of 1 nm - 3 un.

[189] mEVs can be charactenized by analviical methods known wnthe art (c.g.,
Jeppesen, et al. Cell 177:428 (2019},

{190} In some embodiments, the mEVs {such as smEVs and/or pmEVs) may be
quantified based on particle count. For example, particle count of an mEV preparation can
be measured using NTA.

{191} in some embodiments, the mEVs {such as smEVs and/or pmEVs} may be
quantified based on the amount of protein, fipid, or carbohydrate. For example, total protein
comterd of an EV preparation can be rueasured using the Bradford assay or BCA assay.
{192} In some embodiments, the mEVs (such as smEVs and/or pmEVs} are isolated
away from one or more other bacterial cormponents of the source bacteria. In some
embodiments, the pharmaceutical composition further comprises other bacterial
components.

{193} In certain embodiments, the mEVY preparation obtained from the source
bacteria may be fractionated into subpopulations based on the physical properties {e.g..
sized, density, protein content, binding affinity) of the subpopulations. One or more of the
mEV subpopulations can then be incorporated into the pharmaceutical compositions of the

mvention.



WO 2021/252860 PCT/US2021/036956

{194} In some embodiments, the Harryflintia acetispora bacteria may be quantified
based on particle count. For example, total particle content of a Harvvfiintic acetispora
bacteria can be measured using NTA.

{195] In some embodiments, the Harrmyflintia acetispora bactenia may be quantified
based on total cell count {TCC) (e g, determined by Coulter counter).

{196] In some embodiments, the Harryfliniia acetispora bacteria may be quantified
using a plate count assay (e.g., by creating senial dilutions of the bactena, allowing them to
grow on a suitable medivm, and then counting the number of colonies).

{197} In some embodiments, the Harryflintia acetispora bacteria may be quantified
based on the amount of protein, lipid. or carbohydrate. For example, total protein content of
a Harryflintia acetispora bactena preparation can be measured using the Bradford assay or
the BCA assay.

{198] For oral administration to a human subject, the dose of Harmyflintia
acetispora bacteria can be, e.g., about 2x10%- about 2x10 particles. The dose can be, e.g.,
about 1x107- about 1x10Y, about 1x10%- about Ix10Y, about Ix10°- about 1x10Y, about
Ix10%- about 12107, or about 1x10%- about 1x10% particles. The dose can be, e.g., about

2x10°, about 2x107, about 2x10%, about 2x10°, about 1x10', about 2x10', about 2x 1011,

about 2x10%2, about 2x 0%, about 2x10™, or about 1x 10" particles. The dose can be, e.g.,
about 2x 10’ pasticles. The dose can be, e.g., about 2x10" particles. The dose can be, 2.2.,
about 2x10' particles. The dose can be, e.g., about 1x10' particles. Particle count can be
determined, e.g., by NTA.

{199} For oral adrotustration to a human subject, the dose of Harryflintia
acetispora bacteria can be, e.g., based on total protein. The dose can be, e.g., about § mg to
about 900 mg total protein. The dose can be, e.g., about 20 mg to about 800 mg, about 50
mg to about 700 mg, about 75 mg to about 600 mg, about 100 mg to about 500 mg, about
250 mg to about 750 mg, or about 200 mg to about 500 mg total protemn. The dose can be,

e.g., about 10 mg, about 25 mg, about 50 mg, about 75 mg, about 100 mg, about 150 mg,

about 200 mg, about 250 mg, about 300 mg, about 400 mg, about 500 mg, about 600 mg, or
about 750 mg total protein. The dose can be, .2, about 10 mg total protein. Total protein
can be detenmuned, e.g., by Bradford assay or by the BCA assay.

{200} For admimustration by injection {e.g., intravenous administration) to a human
subject. the dose of Harryfliniia acetispora bacteria can be, e.g., about 1x10% about 1x10'¢

particles. The dose can be, ez, about 1x107- about 1x10'°, about ix10% about Ix10, about

(¥4
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1x10°%- about 1x10%7, about 1x10'% about [x10", or about 1x105- about 1x10'? particles. The
dose can be, e.g., about 2x10°, about 2x107, about 2108, about 2x10°, about 1x10%, about
2x10Y about 2x10', about 2x10'2, about 2x101, about 2x10% or about 1x10% particles.
The dose can be, e.g., about Ix16! particles. The dose can be, e.g., about 2x10" particles.
The dose can be, e.z., about 2x10'% particles. Particle count can be determined, e.g., by NTA.
{201} For admunistration by igjection {¢.g., intravenous administration), the dose of
Harryflintia acetispora bacteria can be, e.g., about 5 mg to about 900 mg total protein. The
dose can be, e.g., about 20 mg to about 800 mg, about 50 mg to about 700 mg, about 75 mg
to about 600 mg, about 100 mg to about 500 mg, about 250 mg to about 75{ mg, or about
200 mg to about 500 mgp total protein. The dose can be, e.g.. about 10 mg, about 25 mg,
about 50 mg, about 75 mg, about 100 mg. about 150 mg, about 200 mg, about 250 mg, about
300 mg, about 400 mg, about 500 mg, about 600 mg, or about 750 mg total protein. The
dose can be, g.g., about 700 mg total protein. The dose can be, ¢.g., about 350 mg total
protein. The dose can be, ¢.g., about 175 myg total protein. Total protein can be determined,
c.g., by Bradford assay or by the BCA assay.

{202} In certain embodiments, the pharmaceutical composition {e.g., composition
of the total dose administered, € ., once or twice daily) comprises at least 1 x 10'% total cells
{c.g.. atleast 1 x 10'C total cells, at least 2 x 1019 total cells, at least 3 x 10 total celis, at
least 4 x 10'° total cells, at Ieast 5 x 10" total cells, at least 6 x 10 total cells, at least 7 x
109 total cells, at least & x 1010 total cells, at least 9 x 10'9 total cells, at least 1 x 10" total
cells of the Harrvfiintia acetispora bacteria. In some embodiments, the pharmaceutical
composition comprises no more than © x 107 total cells (e.g., no more than 1 x 10! total
cells, no more than 2 x 10% total cells, no more than 3 x 16' total cells, no more than 4
10 total cells, no more than 5 x 10'¢ total cells, no more than 6 x 10'¢ total cells, no more
than 7 x 101 total cells, no more than 8 x 10 total celis, no more than 9 x 10'° total cells,
no more than 1 x 101 total cells, no more than 2 x 10" total cells, no more than 3 x 10V
total cells, no more than 4 x 10 total cells, no more than 5 x 109 total cells, no more than 6
x 10! total celis, no more than 7 x 10! total celis, no more than 8 x 10! total celis) of the
Harryflintia acetispora bactera,

{203} In certain aspects, provided herein are pharmaceutical compositions
comprising mEVs (such as smEVs and/or pmEVs) usetul for the treatment and/or prevention
of disease {¢.g., a cancer, an autoimmune disease, an inflammatory discase, a dyshiosis, ora

metabolic disease), as well as methods of making and/or identifving such mEVs, and
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methods of using such pharmaceutical compositions {e.g., for the treatment and/or
prevention of a disease or a health disorder {e.g., adverse health disorders) {e.g., a cancer, an
autoimmune disease, an inflammatory disease, a dysbiosis, or a metabolic disease), either
alone or in combination with other therapeutics). In some embodiments, the pharmaceutical
compositions comprise both mEVs (such as smEVs and/or pmEVs), and whole bacteria
{c.g., live bacteria, killed bactena, attenuated bacteria). In some embodiments, the
pharmaceutical compositions comprise mEVs {such as smEVs and/or pmEVs) i the
absence of bacieria. In some embodiments, the pharmaceutical compositions comprise
mEVs (such as smEVs and/or pmEVs) and/or bacteria from Harryflintia acetispora Strain
A

204} In certain aspects, provided herein are pharmaceutical compositions
comprising Harryflintia acetispora bacteria provided and Harryflintia acetispora mEVs
{such as smEVs and/or pmEVs) described herein. In some embodiments, the bacteria is
Harryflintia acetispora Strain A,

[205] In some embodiments, the bacterial and/or pharmaceutical composition
comprises at least | Harryflintia acetispora bactenom forevery 1, 11, 12,13, 14, 1.3, 1.6,
17.18.19,2,21,22,23,24,25,26,27.28.29,3,31,32,33,34,35,36,3.7, 38
39,4,41,42,43,44,45,46,47,48. 49,5, 51,52,53,54,55,56,57,58 59,6,
61,62,63,64,65,66,67,68.6%,7,71,72,73,74,75,76,77,78 79,8 81,82,
83,84,85,86,87,88.89,9,91,92 93,9495 96,97 9899 10, 11,12, 13, 14,
15, 16,17, 18,19, 20,21, 22, 23,24, 25,26, 27. 2829, 30, 31,32, 33, 34, 35,36, 37,38, 39,
40, 41, 42,43, 44, 45, 46, 47, 4849, 50, 51, 52, 53, 54, 55, 56,57, 58,59, 60, 61, 62, 63, 64,
65,66, 67,68.69, 70,71, 72,73, 74, 75,76, 77, 78. 79, 80, 81, 82, 83, 84, 85, 86, 87, 88 &9
50, 91,92, 93, 94, 95, 96, 97, 98, 99, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600,
650, 700, 750, 800, 830, 900, 950, Ix10%, 2x107, 3x 107, 4x10°, 5x10°, 6x10°, 7x10°, 8x10°,
Ox10%, 1x1907, 2x10%, 3x10% 4x104, 5510, 6x10%, Tx104, 8x10%, Ox104, Ix10°, 2x10°, 3x10°,
4x10°, 3x10°, 6x10°, Tx10°, 8107, 0« 1(°, 1x10°, 2x10°, 3x10°, 4x140°, 5x10°, 6x10°, 7x10°,
8x10% 9x105, Ix107, 2x107, 31407, 4x107, 5x107, 6x107, 7x107, 8x1¢7, 0197, 1x10%, 2x10%,
3x10%, 4x108, 5x10%, 6x168, 7x108, 8x 108, 9x10%, Ix10°, 2x10°, 3x10°, 4x10°, 5x10°, 6x10°,
Tx10%, 8107, Ox 107, 1x10%0, 2x 100, 3x100 4x10'° 5x10%°, 6x101°, 7x1010, 8x 1010 Ox 100,

IxI0Y, 2x 101 3x10M 4x 108 5000 6x10", 7x10Y, 8x101, 9x10Y, and/or 1x10%°

>

Harryflintia aeetispora mEV particles.
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{206} In some embodiments, the bactenial and/or pharmaceutical composition
comprises about 1 Harryflintia acetispora bacterium forevery 1, 1.1, 12,13, 14, 15, 1.6,
17.18.19,2,21,22,23,24,25,26,27,28.29,3,31,32,33,34,35,36,3.7,3.8
39,4,41,42,43,44,45,46,47,48.49,5,51,52,53,54,55,56,57,5859,6,
61,62,63,64,65,66,67,68.69,7,71,72,73,74,75,76,77,78.79,8 81,82,
8.3,84,85,86,87,88 89,9,91,92,93,94,95,96,97,98.99,10, 11,12 13, 14,
15,16, V7, 1819, 20,21, 22,23, 24, 25,26, 27, 28 29, 30, 31,32, 33, 34, 35, 36,37, 38. 39,
40,41, 42, 43,44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56,57, 58. 59, 60, 61, 62, 63, 64,
65,66, 67, 68.69,70, 71,72, 73,74, 75,76, 77, 78. 79, 80, 81, €2, 83, 84, 85, 86, &7, 88 &9,
50, 91,92, 93, 94, 95, 96, 97, 98, 99, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600,
650, 700, 750, 800, 830, 900, 950, Ix10%, 2x107, 3x 107, 4x10°, 5x10°, 6x107, 7x107, 8x 107,
OxEO7, x10%) 23104, 3x10%, 4104, 5104, 6x10%, 7x10%, 8x10% Ox10% Ix10°, 2105, 3x10°5,
4x10°, 3x10°, 6x10°, Tx10°, 8<10°, 0« 1(°, 1x10° 2x10° 3x10°, 4x10° 5x10°, 6x10°, 7x10°,
8x10% 9x105, Ix107, 2x1607, 31407, 4x107, 5x107, 6x107, 7x107, 8x1¢, 0= 197, 1x10% 2x16%,
3Ix10%, 4x108, 5x10%, 6x10%, 7x108, 8x108, 9x10®, Ix107, 2x10°, 3x10°, 4x10°, 5x10°, 6x10°,
7Tx10°, 8x10%, 9107, 1x1070, 221079, 3x10°0, 4x101°, 5x10%, 6x101°, 7x101°, 8x 1018, 9ox 107,
IxIOM, 2x 101 3x10M 4108 5x100 6x 01, 7Tx101 &x10Y, 9x101 and/or Ix1012
Harrvflintia acetispora mEV particles.

207} In some embodiments, the bacterial and/or pharmaceutical composttion
comprises no more than 1 Harryflintia acetispora bacterium forevery 1, 1.1, 1.2, 1.3, 1.4,
15,16, 1.7, 18.1.9,2,21,22,23,24,25,26,27,28.29,3,31,32. 33 3435,
37,38.39,4,41,42,43,44,45,46,47,48.49,5,51,52,53,54, 7.5,
539,6,61,62.63,64,6566,67,68.69,7,71,72,73,74,75,76,77,78.79,8,
81,82, 83,84 8586 87 88.89.9,91,92,93.949596,97 9899 10,11 12,
13,14, 15, 16, 17, 18,19, 20, 21,22, 23, 24, 25, 26,27, 28. 29,30, 31, 32, 33, 34, 35, 36, 37,
38.39,40,41,42,43, 44, 45,46, 47, 48. 49, 50, 51, 52, 53, 54, 55, 56, 537, 58. 59, 60, 61, 62,
63, 64,63, 66,67,68. 69, 70, 71,72, 73, 74,75, 76, 77, 7T8. 79, 80, 81, 82, 83, 84, 85, &6, 87,
88.89,90,91,92, 93,94, 95, 96,97, 9899, 100, 130, 200, 250, 300, 350, 400, 430, 500,
350, 600, 650, 700, 750, 860, 850, 900, 950, 1x 107, 2x10°, 3x10%, 4x107, 5x107, 6x10°7,
Tx10%, 8x10%, Ox107, Ix10% 2x10% 3x10%, 4x10% Sx10% ex10%, 7Tx10% 8x 504, Ox10%, Ix10°,
2x10°, 3x307, 4x 0P, 3305, 6x10°, Tx10°, 8x107, 9x10°, 1x10°, 2x10°8, 3x10°, 4x10°, 5x10°,
6x10%, 7x10°, 8x10°, 9x10°, 1x107, 2x107, 3x107, 4x 107, 3x107, 6x107, 7x107, 8x1¢7, 9x147,

1x10%, 2% 108, 3x 108, 4x 108, Sx10%, 6x10%, 7Tx108 §x 108, Ox10%, Ix10°, 2x10°, 3x10°, 4x 109,

(8]
[F%)
(a3
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Sx50°, 6x107, Tx107, 8x10°, 9x10°, Ix10'0, 21019, 3x101, 45101 510, 6x101°, 7x10'9,
8x10W, Ox10W, Ix10M, 2x101 310", 45101 3x1077, 6x10"7, 7x10%, 8x10Y, 9x10Y,
and/or 1x10Y Harryflintia acetispora mEV particles.

{208] In some embodiments, the bacterial and/or pharmaceutical composition
comprises at least | Harrvflintic acetispora mEV particle forevery 1, 1.1, 1.2, 1.3, 1.4, 1.5,
16,17, 18.19,2,21,22,23,24,25,26,27,28.29,3, 31,32 33,34,3536,37,
38.39,4.41,42,43,44,45,46,47,48 49,551,522,
6,61,62,63,64,6566,67,68.69,7,714,72,73,74,75,76,77,78.79,8,81,
82 83 84858687 88899.91,9293.94.9596,97 98 99 10,11,12,13,
14, 15, 16,17, 18. 19,20, 21, 22, 23,24, 25,26, 27, 2%8. 29, 30, 31, 32, 33, 34, 35, 36, 37, 3%,
39,40, 41, 42,43, 44, 45, 46,47, 48. 49, 50, 51, 52, 53, 534, 35,56, 57, 5839, 60, 61, 62, 63,
64, 65, 66, 67, 68.69, 70,71, 72,73, 74, 75,76, 77, 78. 79, 80, 81, §2, 83, 84, 85, 86, 87, 88.
89,90, 91,92 93,94, 65, 96, 97, 98. 99, 100, 150, 200, 250, 300, 350, 400, 430, 500, 350
600, 630, 700, 750, 800, 850, 9040, 930, 1x107, 2x107, 3x10°, 4x10°, 5x10°, 6x16°, 7x107,
8x10°, Ox10°, Ix10% 2x10%, 3x10%, 4x 10, 3x10% 610, 7x10%, 8x 104, 9x 10, Ix10°, 2x10°,
3x10°, 4x107, 3x10°, 6x10°, 7x10°, 8x10°, 9x107, 1100, 2x10°, 3x106, 4x10°, $x10°, 6x10°,
Tx108, 8x106, 9x10°, 1x107, 2x107, 3x107, 4x107, 5x 107, 6x107, 7Tx107, 8x107, Ox197, 1108,
2xE0%, 3x108, dx 108, 5x10%, 6x10%, 7x10%, 8x10%, Ox10%, 1x10°, 2x 107, 3x10°, 4x10°, 5x10°,
6x10%, 7x10%, 8x 107, Ox10°, 11010, 2x10'° 31070, 4x100 3x10%0, 6100, 7x10%°, 8x101,

>

9x10'%, 11101, 25101, 351010 dx 101, 5x10M, 6x101, 75101, 8101, 9<10', and/or 110"

53,54,55,56,57,58.59,

Harryflintia acetispora bacteria.

{209] In some embodiments, the bactenal and/or pharmaceutical composition
comprises about 1 Harryflintia acetispora mEV particle forevery 1, 1.1, 1.2, 13, 1.4, 1.5,
16,17, 18.19,2,21,22,23,24,25,26,27,28.29,3,3.1,32,3.3,3.4,35,3.6,3.7,
38.39,4,41,42,43,44,45,46,47,48.49,5,51,52,53,54,55,56,57,5859,
6,6.1,62,63,64,65,66,67,6869,7,71,72,73,74,75,76,77,78.79,8,8.1,
8.2,83,84,85,86,87,88.89,9,91,92,93,94,95/96,97 98 .99, 10,11, 12,13,
14, 15, 16, 17,18, 19,20, 21,22, 23, 24,25, 26, 27, 28. 29, 30, 31, 32, 33, 34, 35, 36, 37, 38.
39, 40,41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58. 59, 60, 61, 62, 63,
64, 65,66, 67,68.69,70, 71, 72,73, 74,75, 76,77, 78. 79, 80, 81, 82, 83, 84, 85, 86, 87, §&.
89,90, 91, 92, 93,94, 95, 96, 97, 98. 99, 100, 150, 200, 250, 300, 350, 400, 450, 500, S50,
6000, 650, 700, 730, 800, 830, 900, 950, 1x10°, 2x10°, 3x10%, 4x107, 5x10°, 6<10°, 7x10°,
8107, 9x 107, 1x10%, 2x10%, 3x104, 4x10%, 5x10°%, 6x10%, Tx10%, 8x 194, Ox10%, 1x10°, 2x10°,
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3x10%, 4x10°, 5x10°, 6x10°, Tx10°5, 8x10°, Ox10°, Ix10°, 2x10°, 3x108, 4x10°, Sx105, 6x108,
Tx10°, 8x10°, Ox 100, 1x107, 2x107, 3x107, 4x147, 5107, 6x107, 72107, 8x307, 9x107, 1105,
2x10%, 3x10%, 4x 108, 3108, 6x10%, 7x10%, 8x108, 0x10%, 1x10°, 2x10°, 3x107, 4x10°, 5x10°,
6x107%, 7x10%, 8x10°, Ox 107, Ix10, 2x101°, 3x101°, 4x1079, 5x10°°, 6x1070, 7x 10, 8x101°,
OxI0M Ix10M, 2x10%, 3x10%, 4x10Y, x50, 6x 10, Tx 10, 8x 10, Ox10Y, and/or 1x10"?
Harryfliniia acetispora bacteria,

{210} I some embodiments, the bactenal and/or pharmaceutical composition
comprises no more than 1 Harrmyflintio acetispora mEV particle forevery 1, 1.1, 1.2, 1.3,
14,1516,1.7,18.1.9,2,21,22,23,24,25/26,27,28.29,3,3.1,32,33,34,335,
36,37.38.39.4,41,42,43,44,45,46,47,48.49,5,51,52,53,54,55,56,37,
58.59,6,61,62,63,64, 63,6667 68 69,7, 71,72,73,74,75,76,77, 7879,
8,81,82,83,84,85,86,87,8889,9,01,92,03,94,95,96,97,98 99, 10,11,
12,13, 14, 15,16, 17, 18. 19, 20, 21, 22,23, 24, 25,26, 27 28.29,30, 31, 32, 33, 34, 35, 36,
37.38.39, 40, 41,42, 43, 44, 45, 46, 47, 48. 49, 50, 51, 52, 33, 54, 55, 56, 57, 38. 59, 60, 61,
62, 63,64, 65, 66, 67, 68,69, 70, 71, 72,73, 74, 75,76, 77, 78. 79, 80, 81, 82, 83, 84, 85, 86,
87, 88.89, 90, 91, 92, 93, 94, 95, 96, 97, 98. 99, 100, 150, 200, 250, 300, 350, 400, 450, 500,
550, 600, 630, 700, 750, G0, 850, 900, 950, Ix10°, 2x10°, 3x10°, 4x10°, 3x10°, 6x103,
7108, 8x107, 9x10°, Ix10%, 2x10% 3x10%, 4x10%, 5x 104, 6x10%, Ix 104, 8x10%, 9x10?, Ix1(°,
2x 107, 3x10°, 4x10°, 5x10°, 6x10°, Tx10°, 8x10°, 9x10°, 1x10°, 2x10°, 3x10°, 4x10°, 5x10°,
6x10%, Tx10°, 8x10°% 9x10°, 1x107, 2107, 3x107, 4x107, 5x107, 6x107, 7<107, 8x107, 9x107,
1108, 2x10% 3x10%, 4x10%, 5x108, 6x10%, 7x108, 8x10%, Ox10%, Ix19P, 2x10°, 3x10°, 4x10°,
5xE0°, 6xi0”, 7x10°, 8x10°, 9x10°, 1x10'C, 2x 101, 3x10Y, 4x10%, 5x10%°, 6x10'°, 7x10'9,
8x10° Ox10V Ix10MW 210 310 4< 10, 3x107 6x 107, 7x104, 8x10Y, Ox10Y,
and/or 1x101 Harryfliniia acetispora bacteria.

[211] In some embodiments, at least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%,
11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%,
27%, 28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%,
43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 32%, 53%, 54%, 55%, 56%, 57%, 58%,
59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, T0%, 71%, 72%, 73%, 74%,
75%, T6%, 7%, T8%, T9%, 80%, 81%, 82%, 83%, 849, 85%, 86%, 87%, 88%, 89%, 90%

919, 92%, 93%, 94%, 95%, 96%, 97%, 8% or 99% of the total particles in the
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pharmaceutical compasition are Harryflinfia acetispora mEVSs.
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212] In some embodiments, at Teast 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%,
11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%,
27%, 28%, 29%. 30%, 31%., 32%, 33%, 34%, 35%. 36%, 37%, 38%. 39%, 40%, 41%. 42%,
45%, 46%, 47%, 48%, 49% 52%, 53%

59%, 60%, 61%, 64'1?/(1) 3%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, T1%, 72%, 73%., T4%,
78%, T9%, 80%, 81%, 82%, 83%, 84%, 83%, 86%, 87%, &8%, 8§89%, 90%,

1%, 92%, 93%, 94%, 95%, 96% 97%, 8% or 99% of the total particles in the

u)
&x

54%. 55%, 56%, 57%, 58%

s

pharmaceutical composition are Harryflintia acetispora bactena.

{213} In some embodiments, no more than 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9
10%, 11%, 12%. 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%. 25%,
26%, 27%, 28%, 29%, 30%
42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%,
58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 65%, 7
T4%, 15%, T6%, T7%, T8%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,

90%, 1%, 92%, 3%, 94%, 95%, 96%, 7%, 98% or 99% of total the particles in the

, 319, 32%, 33%, 34%, 35%, 36%

pharmaceutical composition are Harryflintia acetispora mEVs.
214} In some embodiments, no more than 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%,
10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%. 22%, 23%, 24%, 25%,
26%, 27%, 28%, 2%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%
42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, 30%
58%, 59%, 60%, 61%, 62%, 63%, 64%, 63%, 66%, 67%, 6&%, 69%, 70%, T1%, 72%, 73%,
T4%, T5%, T6%, 77%, 18%, 79%, 80%, 81%, 82%, 83%%, 84%, 85%, 6%, 87%, 88%, 89%,
G509, ¢1%, 92%, 939%, 94%, 95%, 96%, 97%, 98% or 99% of the total particles in the
pharmaceutical composition are Harryflintia acetispora bacteria.
[215] In some embodiments, about 1%, 2%, 3%, 4%, 3%, 6%, 7%, 8%, 9%, 10%,
11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%,
27%, 28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%,
43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 32%, 53%, 54%, 55%, 56%, 57%, 58%,

59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%

VJ)

75%, 76%, T7%, 78%, T9%, 80%, 819, 82%, 83%, 84%, 85%, 6%, 87%, 88%, 89%, 90%,
919, 92%, 93%, 94%, 95%, 96%, 97%, 8% or 99% of the total particles in the

pharmaceutical compasition are Harryflinfia acetispora mEVSs.
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[216] In some embodiments, about 196, 2%, 3%, 4%, 3%, 6%, 7%, 8%, 9%, 10%,
11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%,
27%, 28%, 29%. 30%, 31%, 32%, 33%, 34%, 35%. 36%, 37%. 38%, 39%, 40%, 41%, 42%
45%, 46%, 47%, 48%, 49%, 50%, 51%, 5

59%, 60%, 61%, 64'1?/(1) 3%, 64%, 65%, 66%, 67%, 68%, 69%, T0%, T1%, 72%., 73%., T4%,

78%, 79%. 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 8&%, 89%, 90%,

2%, 53%, 34%, 55%, 56%, 57%., 58%

1%, 92%, 93%, 94%, 95%, 96% 97%, 8% or 99% of the total particles in the

pharmaceutical composition are Harryflintia acetispora bactena.

Js

{217} In some embodiments, at least 1%, 2%, 3%, 4%, _%, 6%, 7%, 8%, 9%, 10%,

11%, 12%, 13%. 14%, 15%, 16%, 17%, 18%. 19%. 20%, 21%, 22%. 23%, 24%, 23%. 26%,

D7%. 28%, 29%. 30%. 31%, 32%, 33%, 34%, 33%, 36%, 37%, 38%. 39%. 40%, 41%. 42%
43%, 44%, 4<%9 46%, 47%, 4 ﬂ/ 50%, $1%, 52%. 53%, $4%, 55%, 56%, $7%, 58%,
50%, 60%, 61%, 62%, 63%, 64%, 65%. 66%, 67%, 68%, 69%. T0%, T1%, T2%, T3%, T4%,

75%, 76%, T7%

0919%., 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% of the total protein in the

o, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 20Y%,

pharmaceutical composition is Harryfliniia acetispora mEV protein.

{218] In some embadﬁments, at least 1%, 2%. 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%,
11%, 12%, 13%, 14%, 15%, 5, 17%, 189, 19%, 20%, 219, 22%. 23%, 24%6, 25%, 26%,
27%, 28%, 29%, 30%. 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%.,
43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 33%, 54%, 55%, 56%, $7%, 58%,

9%, 60%., 61%, 62%. 63%, 64%, 65%, 66%, 67%, 68%, 69%, T0%, T1%, 72%, 73%, T4%,

75%, T6%, T7%, 78%, T9%, 80%, 81%6, 82%, 83%, 84%;, 85%, 86%, 7%, 88%, 89%, 0%,
919, 92%, 93%, 949, 95%, 96%, 97%, 98% or 99% of the total protein in the
pharmaceutical composition s Harryflintia acefispora bacteria protein.

[219] In some embodiments, no more than 1%, 2%. 3%, 4%, 5%, 5%, 7%, 8%, 9%,
10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%,
26%, 27%, 28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%,
42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 4%, 55%, 56%, 57%,
38%., 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 7T0%, 71%, 72%, 73%,
74%, 75%, 7 ,‘?/{x,, 77%, T8%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%%, 87%, 88%, §9%,

G509, 219, 92%, 93%, 4%, 95%, 96%, 7%, 98% or 99% of the total protein in the

3%

U‘
VJ)
e

>

pharmaceutical compasttion is Harryflintia acefispora mEV protein,

o)
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{220] In some embodiments, no more than 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%,
10%, 11%, 12%, 139, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%,

26%, 27%, 28%. 29%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%. 38%, 39%. 40%. 41%

o,

42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, S0%, 51%, 52%, 53%. 54%, 33%, $6%, 57%,
58%, 59%, 60%. 61%, 62%, 63%, 64%. 65%, 66%, GT%. 68%, 63%, T0%., T1%, T2%. T3%,

T4%, 15%, T6%, T7%, T8%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,

00%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% of the total protein in the

phmmaseuﬁcal compostition 1s Harryflintia acetispora baclenia protein.

{221} In some embodiments, about 1%, 2%, 3%, 4%, 3%, 6%, 7%, 8%, 9%, 10%,
11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 209, 21%, 22%, 23%, 24%, 25%. 26%,

, 32%, 55% 34%, 35%, 36%, 37%, 38%, 39%, 40%, 419, ¢

43%, 44%, 45%, 46%, 47%, 48%, 48%, 50%, 51%, 52%, 53%, 54%
39%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%,

75%, 16%, TT%

6 9%, T0%
78%, 79%, 80%, 81%, 82%, 83%, 8
919%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% of the total protein in the

N

\))

T%, 28%, 29%, 30%, 31%

O,

(V31

3%, 86%, 87%, 88%, 89%, 90%,

o,

pharmaceutical composition is Harryfliniia acetispora mEV protein.

222} In some embodiments, about 1%, 2%, 3%, 4%, 3%, 6%, 7%, 8%, 9%, 10%
11%, 12%, 13%., 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%. 23%, 24%, 25%, 26%,
27%., 28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%,

43%, 44%, 45%, 46%, 47%, 48%, 49%. 50%, $1%
9%, 60%. 61%, 52%, 63%, 64%, 63%, 66%., 67%, 68%, 69%, T0°
75%, T6%, 7%

/o, 73%@ 79‘?/{}, 80?’/ i/m %5 /n. 83% ‘o, ‘H/f; /0 86% 370/‘;;, 8‘/1) 8 ?/ 9% 76,
919, 92%, 93%, 949, 95%, 96%, 97%, 98% or 99% of the total protein in the

pharmaceutical composition s Harryflintia acefispora bacteria protein.
[223] In some embodiments, at least 1%, 2% 4%, 5%, 6%, 7%, 8%, 9%, 10%,

11%, 12%, 13%, 14%, 15%, 16%, 17%. 18%, 19%, 20%. 21%, 22%, 23%, 24%, 25%, 26%.

27%, 28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%,

43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 5 . 58%,

59%, 60%, 61%, 62%, 63%. 64%, 65%, 66%. 67%, 68%, 69%. 70% 74%,

T5%, T6%., TT%, 78%, T9%., §0%, §1%, 82%. 83%, 54%, 85%. 86%, 57%, 88%. 89%, 90%,
9

2%, 93 %, 94%, 95%, 96%, §7%, 98% or 99% of the total lipids in the pharmaceutical

[y
oN
< ?

{-\
U‘
L))
VJ)
0\

composition are Harryflintia acetispora mEV lipids.
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12%, 13%,

[224]

i %,

91%, 92%, 93%,

PCT/US2021/036956

some embodiments, at least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%,

149, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%,
30%, 31%, 32%. 33%, 34%, 35%. 36%, 37%, 38%. 39%, 40%. 41%. 42%,
46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%. 55%, 56%, 57%, 58%,
62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, T1%, 72%, 73%, 74%,

78%, 79%,

80%, 81%, 82%, 83%, 84%,

949, 95%, 96%, 97%, 98% or 99%

85%, 86%, 87%, 88&%, 89%, 50%,

of the total lipids in the pharmaceutical

composition are Harryflintia acetispora bacteria hipids.

[225] n
10%, 11%, 12%.
26%, 27%, 28%

3%, 44%
59%, 60
74%, 75%, 76%,
1%, 92%

G/
70,

90%, 9

. 45%, 46%,
%, 61%

some embodiments, no more than 1%, 2%, 3%, 4%, 5%,
13%, 14%, 15%. 16%, 17%, 18%. 19%, 20%,
. 29%, 30%, 31%, 32%
%6, 48%,, 4¢
63%, 64%, 63%, &
%0, 80%,

93%, 94%, 95%, 6%,

33%, 34%, 35%.
56%

6%, 67%,

82%, 83%, 84% 86

§7%, 98% or 99% of the total lipids in the

3

(174

%o, 51%,

o, 62%,

Yo, T &1%, Y0, 86%, 87%, 8

3

pharmaceutical campasitiﬁn are Harryflintia acetispora mEV lipida.

12261
10%, 11%, 12%,
26%, 8%,
42%, 43%, 44%,
58%, 59%, 60%,
74
0%,

70/
i 70,

AT LA
%, 15%, /69/0,

1%, 92%, 9

In some embodiments, no more than 1%

20/41 3%
7%, 18%, 19%, 20%

34%, 35%, 3

]

LAY / , /
4%, 5%, 6%, 7%, 8%, 9%,

13%, 14%, 15%, 16%,
, 32%, 33%,
, 49%,

65%,

29%, ﬁn/o 31%
45%, 46%, 47%, 48%

61%, 62%, 63%, 64%,

0%, 51%
66%, 67%, 6
7%, 18%, 79

1%, 82%, 83%
3%, 94%, 95%. 96%, 97%, 98% or 99% of the total lipids 1n the

68%, 69%,
84%, 85%

%, §0%, 8 %, 8 %, §6%, 87%. 88%, §9%

pharmaceutical composition are Harryflintia acetispora bactena lipids.

[227}
11%, 12%, 13%,
27%, 28%, 29%

43%, 44%, 45%,

39%, 60%, 61%,
75%, T6%, TT%, 78

1%, 92¢

0, 93%, ¢

In some embodiments, about 1%, 2%,

3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%,

, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%,

. 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%. 40%, 41%, 42%,
46%, 47%, 48%, 49%, 50%, $1%, 52%, 53%, 54%, 55%, 56%, 57%, 58%,
2%, 63%, 64%, 65%, 66%, 67%,

%, T9%, R0%, 1%, 82%, 83%, 54%, 85%., 86%, 57%, 88%, 89%, 90°

849, 85%, 96%, 97%, 98% or 99% of the total lipids in the phaﬂnaceutical

composition are Harryflintia acetispora mEV lipids.

[oi
(89



WO 2021/252860 PCT/US2021/036956

{228] In some embodiments, about 196, 2%, 3%, 4%, 3%, 6%, 7%, 8%, 9%, 10%,
11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%,

27%, 28%, 29%. 30%, 31%, 32%. 33%, 34%, 40%, 41%, 42%,

43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, : 56%, 57%, 58%,
50%, 60%, 61%. 62%. 63%, 64%, 65%, 66%, 67%, 68%, 69° 2%, T3%, T4%
75%, 76%, T7%, 8%, 79%. 80%, 81%, 82%, 83%, 84%, 83%, 86%, 8§7%, 84%, 89%, 90%,

01%., 92%, 93%, 94%, 95%, 96%, 97%, 8% or 99% of the total lipids in the pharmaceutical
composition are Harryfiintia acetispora bacteria lipids.

{229} In certain aspects, provided are phamnaceutical compositions for
administration to a subject {¢.g., human subject). In some embodiments, the pharmaceutical
compositions are combined with additional active and/or tnactive materials in order to
produce a final product, which may be m single dosage unit or in a multi-dose format. In
some embodiments, the pharmaceutical composition is combined with an adjovant such as

an tamuno-adjuvant (e.g., a STING agonist, a TLR agontst, or a NOD agomst).

{230} In some embodiments, the pharmaceutical composition comprises at least one
carbohvdraie.
1231} In some embodiments, the pharmaceutical composition comprises at least one

lipid. In some embodiments the lipid comprises at least one fatty acid selected from lauric
acid {12:0), mynistic acid {14:0), palmitic acid {16:0), palmitoleic acid (16:1}, margane acid
{17:0), heptadecenoic acid {17:1), stearic acid (18:0), oleic acid (18:1), linoleic acid (18:2},
hinolenic acid (14:3), octadecatetracnoic acid (18:4), arachidic acid (20:0), cicosenoic acid
(20: 1), cicosadienoie acid (20:2), cicosatetracnoic acid (20:4), cicosapentacnoic acid (20:5)
{(EPA), docosanoic acid {22:0}, docosenoic acid {22:1), docosapentaenoic acid {22.3),
docosahexacnoic acid (22:6) (BHA), and tetracosanoic acid (24:0).

232} In some embodiments, the pharmaceutical corposition comprises at least one
supplemental mineral or nmineral source. Examples of minerals include, without limitation:
chioride, sodivm, calcium, iron, chromium, copper, iodine, zinc, magnesium, manganess,
molybdeoum, phosphorus, potassium, and selenivm. Suitable forms of any of the foregoing
nunerals include soluble mineral salts, shightly soluble mineral salts, insoluble mincral salts,
chelated minerals, mineral complexes, non-reactive minerals such as carbonyl nunerals, and
reduced munerals, and combimations thereof.

1233} In some embodiments, the pharmaceutical composition comprises at least one

supplemental vitamin. The at least one vitanmin can be fai-soluble or water soluble vitamins.

N
>3
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Suitable vitamuins include but are not hnuted to vitanun €, vitamin A, vitamin E, vitamin
B12, vitamin K, riboflavin, niacin, vitamin B, vitamin B6, folic acid, pyridoxine, thiamine,
pantothenic acid, and biotin. Suitable forms of any of the foregoing are salts of the vitanin,
derivatives of the vitamin, compounds having the same or stnilar activity of the vitamin,
and metabolites of the vitamin.

{234} I some embodiments, the pharmaceutical composition comprises an
execipiont. Noun-hinuting examples of suitable excipients include a buffering agent, a
preservative, a stabilizer, a binder, a compaction agent, a lubricant, a dispersion ¢nhancer, a
disintegration agent, a flavoring agent, a sweetener, and a coloring agent.

{235} In some embodiments, the excipient is a buffering agent. Non-limiting
examples of suitable buttering agents include sodium citrate, magnesium carbonate,
magnesium bicarbonate, calciam carbonate, and caleivm bicarbonate.

{236} In some embodiments, the excipient comprises a preservative. Non-limiting
examples of suitable preservatives inchude antioxidants, such as alpha-tocophera! and
ascorbate, and antimicrobials, such as parabens, chlorobutanol, and phenol.

237} In some embodiments, the pharmaceutical composition comprises a binder as
an excipient. Non-limiting examples of suitable binders include starches. pregelatinized
starches, gelatin, polyvinyipyrolidone, cellulose, methyleeliulose, sodmm
carboxymethyleethilose, ethviceliulose, polvacryvlanudes, polyvinyloxoazolidone,
polyvinylaleohols, Cr2-Crs fatty acid aleohol, polvethylene glveol, polvols, saccharides,
oligosaccharides, and combinations thereof.

{238] In some embodiments, the pharmaceutical composition comprises a lubricant
as an excipient. Non-limiting examples of suitable hibricants include magnesium stcarate,
calcium stearate, zinc stearate. hvdrogenated vegetable oils, sterotex, polyoxyvethylene
monostearate, tale, polyethyleneglvesl, sodium benzoate, sodium laury! sulfate, magoesium
lauryl sulfate, and light miveral oil.

{239} In some embodiments, the pharmaceutical composition comprises &
dispersion enhancer as an oxcipiont. Non-limiting cxamples of suitable dispersants include
starch, alginic acid, polyvinylpyrrolidones, guar gum, kachn, bentonite, purified wood
cellulose, sodium starch glycolate, 1scamorphous silicate, and mucrocrystalling cellulose as
high HLB emulsifier surfactants.

1240} In some embodiments, the pharmaceutical composition comprises a

disintegrant as an excipient. In some embodiments the disintegrant 1s a non-effervescent

64
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disintegrant. Non-limiting examples of suitable non-effervescent disimmtegrants mclude
starches such as com starch, potato starch, pregelatinized and modified starches thereot,
sweeteners, clays, such as bentonite, micro-crvstalline cellulose, alginates, sodium starch
glycolate, gums such as agar, guar, locust bean, karays, pectin, and tragacanth. In some
embodiments the disintegrant i1s an effervescent disintegrant. Non-limiting examples of
suitable effervescent disintegrants include sodium bicarbonate in combination with citric

acid, and sodiwm bicarbonate in combination with tartaric acid.

[241] In some embodiments, the pharmaceutical composition 1s a food product
{e.g., a food or beverage) such as a health food or beverage, a food or beverage for infants, a

tood or beverage for preguant women, athletes, sentor citizens or other specttied group, a
functional food, a beverage, a food or beverage for specified health use, a dictary
supplement, a food or beverage for patients, or an amimal feed. Specific examples of the
foods and beverages include various beverages such as poces, refreshing beverages, tea
beverages, drnk preparations, jelly beverages, and functional beverages; alcoholic
beverages such as beers; carbohvdrate-contaming foods such as rice food products, noodles,
breads, and pastas; paste products such as fish hams, sausages, paste products of seafood;
retort pouch products such as curries, food dressed with a thick starchy sauces, and Chinese
soups; soups; dairy products such as nulk, dairy beverages, ice creams, cheeses, and vogurts;
fermented products such as fermented sovbean pastes, vogurts, fermented beverages, and
pickles: bean products; vartous confectionery products, including biscuits, cookies, and the
like, candies, chewing gums, gummies, cold desserts including jellies, cream caramels, and
frozen desserts; instant foods such as mstant soups and instant soy-bean soups;
microwavable foods; and the like. Further, the examples also mclude health foods and
beverages prepared in the forms of powders, granules, tablets, capsules, liguids, pastes, and
jellies.

{242} In some embodiments, the pharmaccutical composition is a food product for
antmals, including nomans. The animals, other than humans, are not particularly limited, and
the composition can be used for various livestock, pouliry, pets. experimental animals, and
the like. Specific examples of the animals include pigs, cattle, horses, sheep, goats, chickens,
wild ducks, ostriches, domestic ducks, dogs, cats, rabbits, hamsters, mice, rats, monkeyvs,

and the like, but the antmals arc not limited thercto.

joi
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Dose Forms

{243} A pharmaceutical composition comprising mEVs (such as smEVs and/or
pmEVs), bacteria, or any combination thereof, from Harryflintia acetispora can be
formulated as a solid dose form, e.g., for oral administration. The solid dose form can
comprise one or more excipients, ¢.g., pharmaceutically acceptable excipients. The mEVs
{such as smEVs and/or pmEVg), bacteria, or any combination thereof, in the solid dose form
can be isolated mEVs (such as smEVs and/or pmEVs), bactenia, or any combination thereof.
Optionally, the mEVs (such as smEVs and/or pmEVs), bacteria, or any combination thereof,
i1 the solid dose form can be lyophilized. Optionally, the mEVs {(such as smEVs and/or
pmEVs), bacteria, or any combination thereof, in the solid dose form are gamma irradiated.
The solid dose form can comprise a tablet, a minitablet, a capsule, a pill, or a powder; ora

combination of these forms {¢.2., nunitablets comprised in a capsule).

{244} The solid dose form can comprnise a tablet {(e.g.. > 4mm}.
{245} The solid dose form can comprise a ot tablet {e.g., 1-4 o sized

nunitablet, ¢.g., a Zovmn rinitablet or a 3min mutablet).

{246} The solid dose form can comprise a capsule, e.g., a size 00, size 0, size 1, size
2, size 3, size 4, or size 5 capsule; ¢.g., a size O capsule.

247} The solid dose form can comprise a coating. The solid dose form can
comprise a single layer coating, ¢.g., entenc coating, ¢.g., a Eudragit-based coating, ¢.g.,
EUDRAGIT L30 D535, tricthylcitrate, and talc. The solid dose form can comprise two
tayers of coating. For example, an inner coating can comprise, ¢.g., EUDRAGIT L30 D-55,
tricthyleitrate, tale, citric acid anhvdrous, and sodium hydroxide, and an outer coating can
comprise, e.g., EUDRAGIT L30 B-55, triethvicitrate, and tale. EUDRAGIT is the brand
name for a diverse range of polymethacrylate-based copolymers. It includes anionic,
cationic, and neutral copolymers based on methacrvlic acid and methacrvlic/acrylic esters or
their denivatives. Eudragits are amorphous polymers having glass transition temperatures
between 9 to > 150°C. Eudragits are non-bicdegradable, nonabsorbable, and nontoxic.
Anionic Eudragit L dissolves at pH > 6 and is used for enteric coating, while Eudragit 5,
soluble at pH > 7 is used for colon targeting. Eudragit RL and RS, having quaternary
ammonium groups, are water insolable, but swellable/permeable polymers which are
suitable for the sustained release film coating applications. Cationic Eudragit E, insoluble at

pH > 5, can prevent drug relcase o saliva.



WO 2021/252860 PCT/US2021/036956

{248} The solid dose form {e.g., a capsule) can comprise a single layer coating, e.g.,
a non-enteric coating such as HPMC (hydroxyl propyl methyl cellulose} or gelatin.

1249} A pharmaceutical composition comprising mEVs {such as smEVs and/or
preEVs), bacteria, or any combination thereot, from Harryflintia acetispora can be
formulated as a suspension, ¢.g., for oral administration or for injection. Administration by
injection includes miravenous (I1V), intramuscular (IM), intratumoral (IT) and subcutansous
{SC) admunistration. For a suspension, mEVs {such as smEVs and/or pmEVs), bactena, or
any combination thereof, can be in a buffer, e.g., a pharmaceutically acceptable buffer, e.g.,
saline or PBS. The suspension can comprise one or more excipients, e.g., pharmaceutically
acceptable excipients. The suspension can comprise, ¢.8., sucrose or ghucose. The mEVs
(such as smEVs and/or poEVs), bacteria, or any combination thereof, 1n the suspension can
be isolated mEVs (such as smEVs and/or pmEVs), bactenia, or any combination thereof.
Optionally, the mEVs (such as smEVs and/or pmEVs), bacteria, or any combination thereof,
int the suspension can be lyophilized. Optionally, the mEVs {such as smEVs and/or pmEVs),

bacteria, or any combination thereof, in the suspension can be gamma iradiated.

Dosage
250] In some embodiments, the dose of mEVs from Harryflintia acetispora

bacteria is about 1 x 10! to about | x 10 particles {e g., wherein particle count is

determined by NTA (nanoparticle tracking analysis}).

{251} As a further example, mEVs from Harrmyflintia acetispora bacteria can be
administered at doses e.g., of about Ixi{7 to about ix10'° particies, e.g., as measured by
NTA. In some embodiments, the dose of mEVs is about 1 x 10° to about 7 x 10 particles
{¢.g.. wherein particle count is determined by NTA (nanoparticle tracking analysis)). In
some embodiments, the dose of mEVs from Harmyflintia acetispora is bacteria is about 1 x
10 1o about 7 x 10" particles (c.g., wherein particle count is determined by NTA
{nanopariicie tracking analysis)).

{232} As another example, mEVs from Horryfiiniia acetispora bacteria can be
administered at doses e.g., of about § mg to about 900 mg total protem, ¢.g., as measured by
Bradford assay. As another example, mEVs from Harryflintia acetispora bacteria can be
adounistered at doses ¢.g., of about 5 mg to about 900 mg total protein, ¢.g., as measured by

BCA assay.
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{253} mEVs from Harryflintia acetispora can be adovinistered at doses e.g., of
about 1x107 to about 1x10% particles, e.g., as measured by NTA. In some embodiments, the
dose of mEVs is about | x 107 to abowt 7 x 101 particles (e 5., wherein particle count is
determined by NTA (nanoparticle tracking analysis)). In some erabodiments, the dose of
mEVs from bacteria is about 1 x 10 to about 7 x 10V particles {¢.z., wherein particle count
is determined by NTA (nanoparticle tracking analysis)). In some embodiments, the dose of
mEVs from bacteria is about 1 x 10! to about | x 10" particles (¢.g., wherein particle count
is determined by NTA (nanoparticle tracking analysis)).

{254} As another example, mEVs from Harryflintia acetispora can be administered
at doses ¢.g., of about 5 mg to about 900 mg total protein, ¢.g., as measured by Bradford
assay. As another example, aEVs from bacteria can be adnunistered at doses ¢.g., of about 5
mg o about 900 mg total protein, e.g., as measured by BCA assay.

{255} For oral administration to a human subject, the dose of mEVs (such as
smEVs and/or pmEVSs), bacteria, or any combination thereof, from Harryflintia acetispora
can be, e.g., about 2x10°- about 2x10¢ particles. The dose can be, ¢.g., about 1x107- about
1x10Y, about 1x108%- about 1x10™, about 1x10% about Ix10Y, about 1x10'% about 1x10™,
or about ix108- about Ix10" particles. The dose can be, e.g.. about 2x10°, about 2x107,
about 2x10%, about 2x10%, about 1x10Y, about 2x10%°, about 2x10%, about 2x10'2, about
2x108, about 2x 10 or about 1x107° particles. The dose can be, e.g., about 2x10% particles.
The dose can be, e.g., about 2x10'% particles. The dose can be, e.g., about 2x10 particles.
The dose can be, e.g., about 1:x10'° particles. Particle count can be determined, e.g., by
NTA For oral admuustration to a human subject, the dose of mEVs from Harryflintia
acetispora can be, £.g., about 2x10%- about 2x10'° particles. The dose can be, e.g., about
1x107- about 1x10%, about 1x10% about 1x10', about 1x10°- about 1x10%, about Ix101°-
about {x10M, or about Ix10% about ix10'? particles. The dose can be, e.g., about 2x10°,
about 2x107, about 2x10%, about 2x10°, about 1x190'°, about 2x10'%, about 2x10'Y, about

2x 10", about 2x10%7 about 2x 10, or about 1x10% particles. The dose can be, e.g., about
2x 10" particles. The dose can be, e.g., about 2x10" particles. The dose can be, ¢.g., about
2x 10" particles. The dose can be, ¢.g., about 1x10'Y particles. The dose can be, e.z., about 1
x 10 1o about 1 x 10" particles. The dose can be, ¢.g., about | x 10" particles. The dose
can be, e.g., about 1 x 10" particles. The dose can be, ¢.g., about 1 x 10" particles. The dose

can be, €.g., about 1 x 10'% particles. Particle count can be determined, .g., by NTA.
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[256] For oral admmnistration to a human sabject, the dose of mEVs (such as
smEVs and/or pmEVs), bacteria, or any combimation thereof, can be, ¢.g., based on total
protein. The dose can be, e.g.. about 5 mg to about 900 mg total protein. The dose can be,
¢.g.. about 20 mg to about 800 mg, about 50 mg to about 700 mg, about 75 myg to about 600
mg, about 100 mg to about 500 mg, about 250 mg to about 750 mg, or about 200 mg to
about 500 mg total protein. The dose can be, e.g., about 10 mg, about 25 mg, about 50 mg,
about 75 mg, about 100 mg, about 130 mg, about 200 mg, about 250 mg, about 300 mg,
about 400 mg, about 500 mg, about 600 mg, or about 750 mg total protein. Total protein can
be determined, e.g., by Bradford assay or BCA assay.

1257} For administration by ingection (¢.g., intravenous aduunistration) to a human
subject, the dose of mEVs (such as smEVs and/or pmEVs), bacteria, or any combination
thereof, can be, €.g., about 1x10% about Ix10" particles. The dose can be, e.g., about Ix107-
about 1x10%, about 1x10%- about 1x10' about 1x10%- about 1x10Y, about 1x10%- about
1xi0Y, or about 1x10%- about 1x10'? particles. The dose can be, ¢.g., about 2x10°, about
2307, about 2x10%, about 2x10°, about 1x10'°, about 2x10', about 2x10', about 2x10'%,
about 2x10V, about 2x10™, or about 1x10% particles. The dose can be, ¢.g., about Ix10V
particies. The dose can be. e.g., about 2x 10" particles. The dose can be, e.g., about 2x10%
particies. The dose can be, ¢.g., about 1 x 10! to about 1 x 10! particles. The dose can be,
e.g., about | x 10" particles. The dose can be, e.g., about | x 102 particles. The dose can be,
e.g., about 1 x 10" particles. The dose can be, e.g., about 1 x 10" particles. Particle count
can be determined, e.g., by NTA.

{258] For admintstration by injection {¢.g., ixravenous administration), the dose of
mEVs (such as smEVs and/or pmEVs), bacteria, or any combination thereof, can be, ¢.g.,
about 5 mg to about 900 mg total protein. The dose can be, ¢.g., about 20 mg to about 800
mg, about 50 mg to about 700 mg, about 75 mg to about 600 mg, about 100 mg to about 500
mg, about 250 mg to about 750 mg, or about 200 mg to about 5300 mg total protein. The dose

can be, e.g., about 10 mg, about 25 mg, about S0 mg, about 75 mg, about 100 mg, about 150

mg, about 200 mg, about 250 mg, about 300 mg, about 400 mg, about 500 mg, about 600
mg, or about 750 mg total protein. The dose can be, e.g., about 700 mg total protemn. The
dose can be, ¢.g., about 350 mg total protein. The dose can be, e.g., about 175 mg total

protein. Total protein can be determined, e.g., by Bradford assay or BCA assay.
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Gamma-iradiation

{259} Powders {e.g., of mEVs {such as smEVs and/or pmEVS), bactenia, or any
combination thereof) can be gamma-irradiated at 17 5 kGy radiation unit at ambient
temperatine.

(260} Frozen biomasses (e.g., of mEVs (such as smEVs and/or pmEVs), bactena,
or any combination thereof) can be gamma-irradiated at 25 kGy radiation unit in the

presence of dry ice.

Additional Therapeutic Agents

{261} In certain aspects, the methods provided herem inchude the administration to
a subject of a pharmaceutical composition described herein either alone or in combination
with an additional therapeutic agent. In some embodiments, the additional therapeutic agent
is a cancer therapeutic.

1262} i some embodiments, the pharmaceutical composition comprising mEVs
{such as smEVs and/or pmEVs), bacteria, or any combination thereof, from Harryflintia
acefispora is administered to the subject before the additional therapeutic agent is
administered (e.g., atleast 1,23, 4. 5, 6.7, 8.9, 10, 11, 12, 13, 14,15, 16, 17, 18, 19, 20,
21,22, 23 or 24 hours beforc oratleast 1,2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19,20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 days before). In some embodiments | the
pharmacentical composition comprising mEVs {such as smEVs and/or pmEVs)}, bacteria, or
any combination thereof, 15 administered to the subject after the additional therapeutic agent
is adnunistered {c.g, atleast 1,2,3,4,5 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20,
21,22, 23 or 24 hours afteroratleast 1, 2.3, 4, 5, 6,7 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 days after). In some embodiments, the
pharmaceutical composition comprising mEVs (such as smEVs and/or pmEVs), bacteria, or
any combination thereof, and the additional therapeutic agent are admimistered to the subject
simudtaneously or nearly simultancously (e.g., administrations occur within an hour of cach
other}.

263} In some embodiments, an antibiotic is administered to the subject before the
pharmaceutical composition comprising mEVs (such as smEVs and/or pmEVs), bacteria, or
any combination thereof] is admunistered to the sobject {e.g., atleast 1,2, 3,4, 5,6,7,8, 9,
10,11, 12,13, 14, 13,16, 17, 18, 19,20, 21,22, 23 or 24 hours beforc or at least 1, 2, 3, 4, 5,
6,7,8.9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,22, 23, 24, 2526, 27,28, 29 or 30

70
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days before). In some embodiments, an antibiotic 1s admimstered to the subject after
pharmaceutical composition comprising mEVSs (such as smEVs and/or pmEVs), bacteria, or
any combination thereof, is administered to the subject {e.g., atleast 1,2, 3,4.5,6,7.8. 9,
10, V1, 12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23 or 24 hours before orat feast 1, 2, 3, 4, §,
6,7,8,9,10, 11,12, 13,14, 15,16, 17, 18, 19, 20,21, 22 23,24, 25,26, 27,28, 29 or 30
days after). In some cmbodiments, the pharmaceutical composition comprising mEVs (such
as smEVs and/or pmEVs), bactena, or any combination thereof, and the antibiotic are
admanistered to the subject simubaneously or nearly simultanecusly (e.g., administrations
gocur within an hour of each other).

{264} In some embodiments, the additional therapeutic agent is a cancer
therapeutic. In some embodiments, the cancer therapeutic 15 a chemotherapeutic agent.
Examples of such chemotherapentic agents include, but are not limited to, alkylating agents
such as thiotepa and cyclosphosphamide; alkyl sulfonates such as busulfan, tmprosubfan and
piposulfan; aziridines such as benzodopa, carboguone, meturedopa, and uredopa;
cthylentmines and methylamelanmunes including altretamine, tricthvienemelanune,
trietylenephosphoramide, triethiviencthiophosphoramide and trimethylolomelamine;
acetogenins {especially bullatacin and bullatacinone); a camptothecin (including the
synthetic analogue topotecan); bryostatin; callystating CC-1065 (including its adozelesin,
carzelesin and bizelesin synthetic analogues); crvpiophyeins (particularly ervptophvein |
and cryptophycin 8); dolastatin; duocarmyein (inclading the synthetic analogucs, KW-2189
and CBI-TM1}; eleutherobin; pancratistating a sarcodictyin; spongistating nitrogen mustards
such as chlorambucil, chlornaphazine, cholophosphanude, estramustine, fosfanide,
mechlorethamine, mechlorethamine oxide hydrochlornide, melphalan, novembichin,
phenesterine, predmimusting, trofosfamide, uract mustard; nitrosureas such as carmustine,
chlorozotocin, fotemustine, lomustine, nunusting, and ranimnustine; antibiotics such as the
enedivne antibiotics {e.g., calicheamicin, especially calicheamicin gammall and
calicheamicin omegal 1; dynemicin, including dynemicin A; bisphosphonates, such as
clodronate; an esperamicin; as well as neocarzinostatin chromophore and related
chromoprotein cnediyne antibiotic chromophores, aclacinomysing, actinonrycin,
authrarnyvein, azaserine, bleomycing, cactinomycin, carabicin, caminomycin, carzinophilin,
chromomyeinis, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine,
doxorubicin (fucluding morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-

pyrrolino-doxorubicin and deoxydoxorubicin}, epirubicin, esorubicm, idarubicin,

~
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marcelomycin, mitomyeins such as mutomycin C, mycophenolic acid, nogalamycin,
olivomycing, peplomycin, potfiromyein, puromycin, quelamycin, rodorubicin, streptonigrin,
streptozocin, tubercidin, ubenimex, zinostatin, zorubicin, anti-metabolites such as
methotrexate and S-fluorouraci (3-FU); folic acid analogues such as denopterin,
methotrexate, pteropterin, trimetrexate; purine analogs such as fludarabine, 6~
mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine,
azacitidine, 6-azauridine, carmofur, cyvtarabine, dideoxyuridine, doxifluridine, enocitabine,
floxundine; androgens such as calusterone, dromostanolone propionate, epitiostanol,
mepitiostane, testolactone; anti-adrenals such as aminoghitethimide, mitotane, trilostane;
folic acid replenisher such as frolinic acid; aceglatone; aldophosphamide glycoside;
aminolevulinic acid; emluracil; amsacnne; bestrabuci!; bisantrene; edatraxate; defofamine;
demecoleine; diazquone; elormithine; elliptintom acetate; an epothilone; etogluaid; gathum
nitrate; hvdroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and
ansamitocing; mitoguazone; mitoxantrone; mopidanmol; nifracrine; pentostating phenamet;
pirarubicin; losoxantrone; podophyliiic acid; 2-cthythyvdrazide; procarbazine; PSK
polysaccharide complex}; razoxane; rhizoxin; sizofuran; spirogenmantum; tenuazonic acid,
triaziquone; 2,2".2"trichlorctriethylamine; trichothecencs {especially T-2 foxin, verracurin
A, ronidin A and anguidine); urethan; vindesine; dacarbazine; mannomustine; mitobrontol;
mitolactol; pipobroman; gacytosine; arabinoside ("Ara-C"}; cvelophosphanude; thiotepa;
taxoids, e.g., paclitaxel and doxetaxel; chlorambucil; gemcitabine; 6-thioguanine;
mercaptopurine; methotrexate; platinum coordination complexes such as cisplatin,
oxaliplatin and carbopiatiy, vinblastine; platinum; ctoposide (VP-16}; ifosfanude;
mitoxantrone; vincristine; vinorelbine: novantrone; teniposide; edatrexate; daunomyein;
aminopterin; xcloda; tbandronate; irinotecan {¢.g., CPT-11)}; topoisomerase inhibitor RFS
2000, difluoromethylomithine (DMFO); retinoids such as retinoic acid; capecitabine; and
pharmaceutically acceptable salts, acids or derivatives of any of the above.

{265} in some embodiments, the cancer therapeutic is a cancer mmunotherapy
agent. Immunotherapy refers to a treatment that uses a subject’s immune system o treat
cancer, ¢.g., checkpoint inhibitors, cancer vaccines, cyiokines, cell therapy, CAR-T cells,
and dendritic celf therapy. Non-limiting exarples of imnumotherapies are checkpoint
nhibitors include Nivolumab (BMS, anti-PD-1}, Pembrolizamab (Merck, anti-PD-1),
Ipilinnioab (BMS, anti-CTLA-4), MEDI4736 (AstraZencca, anti-PD-L1), and MPDL3280A

{Roche, anti-PD-L1). Other immunotherapies may be tumor vaccines, such as Gardail,
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Cervarix, BCG, sipulencel-T, Gpl00:209-217, AGS-003, DCVax-L, Algenpantucel-L,
Tergenpantucel-L, TG4010, ProstAtak, Prostvac-V/R-TRICOM, Rindopepimul, E73 peptide
acetate, IMAY01, POL-103A, Belagenpumatucel-L, GSK1372932A, MDX-1279, GV1001,
and Tecernonde. The inununotherapy agent may be adrunistered via injection {e.g.,
intravenously, intratumorally, subcutancously, or into lymph nodes), but may also be
administered orally, topically, or via acrosol. Immunotherapics may comprise adjuvants such
as cyiokines.

{266} In some embodiments, the mumunotherapy agent 1s an immune checkpoint
inhibitor. Immune checkpoint mbubition broadly refers to imhibiting the checkpoints that
cancer cells can produce to prevent or downregulate an immune response. Examples of
immune checkpoint proteins mchade, but are not limited to, CTLA4, PD-1, PD-L1, PD-LZ,
A2AR, B7T-H3, B7-H4, BTLA, KIR, LAG3, TIM-3 or VISTA. Imnmune checkpoint
inhibitors can be antibodies or antigen binding fragments thereof that bind o and imhibit an
mmmne checkpoint protein. Examples of immune checkpoint inhibitors include. but are not
limited to, nivolumab, pembrolizumab, pidilizumab, AMP-224, AMP-5 14, STI-A1119,
TSR-042, RG-7446, BMS-936559, MEDI-4736, MSB-0010718( (avelumab), AUR-(12
and STI-A 1014, In some embodiments, the immune checkpoint inhibitor is a CTLA-4
inhibitor. In some embodiments, the inunune checkpoint mbubttor 1s a PD-1 inhubitor. In
some embodiments, the mmmune checkpoint intubitor 1s a PB-L1 nhibitor. In some
embodiments, the immune checkpoint inhibitor is an antibody.

{267} In some embodiments, the methods provided herein include the
administration of a pharmaceutical coraposttion described berein in combination with one or
more additional therapeutic agents. In some embodiments, the methods disclosed herein
include the administration of two immunotherapy agents {¢.g., immune chockpoint
inhibitor). For example, the methods provided herein include the administration of a
pharmaceutical composition described herein in combination with a PD-1 inhibitor (such as
pemrolizumab or mivolumab or pidilizumab) or a CLTA-4 inhibitor (such as ipilimumab) or
a PD-L1 inhibitor {such as avelumab).

[268] I some cmbodiments, the inmunotherapy agent is an antibody or antigen
binding fragment thereof that, for example, binds to a cancer-associated antigen. Exaroples
of cancer-associated antigens include, but are not limited to, adipophilin, ATM-2,
ALDHIA]L, alpha-actinin-4, alpha-fetoprotein (CAFP”), ARTC1, B-RAF, BAGE-1, BCLX
(L}, BCR-ABL fusion protein b3a2, beta-catenin, BING-4, CA-125, CALCA,

~
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carcinoembryomnic antigen ("CEA”), CASP-5, CASP-8, CD274, CD435, Cde27, CDK 12,
CDK4, CDENZA, CEA, CLPP, COA-1, CPSF, CUSNKIAL CTAGH, CTAG2, cyclin DI,
Cyclin-Al, dek-can fusion protein, DKK 1, EFTUDZ, Elongation factor 2, ENAH (hMena),
Ep-CAM, EpCAM, EphA3, cpithclial tumor antigen ("ETA”), ETV6-AMLI fusion protein,
EZH2, FGFS, FLT3-ITD, FNI, G250/MN/CATX, GAGE-1,2.8, GAGE-3,4,5,6,7, GAST,
glypican-3, GnTV, gpli0/Pmell7, GPNMB, HAUS3, Hepsin, HER-2/neu, HERV-K-MEL,
HLA-ALL HLA-AZ, HLA-DOR, hsp70-2, IDOI, IGF2B3, [L13Ralpha?, Intestinal carboxyl
esterase, Koras, Kallikrein 4, KIF20A, KE-LC-1, KELCT, KM-HN-1, KMHN1 also known
as CCDCH0, LAGE-1, LDLR-fucosyliransferaseAS fusion protein, Lengsin, M-CSF,
MAGE-AL, MAGE-A10, MAGE-A12, MAGE-A2. MAGE-A3, MAGE-A4, MAGE-AS6,
MAGE-A9, MAGE-C1, MAGE-C2, malic enzyme, maramaglobin-A, MART2, MATN,
MCIR, MCSP, mdm-2, ME1, Melan-A/MART-1, Meloe, Midkmne, MMP-2, MMP-7,
MUCE MUCSAC, mucin, MUM-1, MUM-2, MUM-3, Myosin, Myosin class 1, N-raw,
NAZE-A, neo-PAP, NFYC, NY-BR-1, NY-ESO-1/LAGE-Z, GAL OGT, 0S-9. P
polvpeptide, p33, PAP, PAXS, PBF, pni-RARalpha fusion protein, polymorphic epithelial
mucin (“PEM”), PPPIR3B, PRAME, PRDX3, PSA, PSMA, PTPRK, RAB38/NY-MEL-1,
RAGE-1, RBAF600, RGSS, RhoC, RNF43, RU2AS, SAGE, secernin 1, SIRT2, SNRPDI,
SOX10, Spl7, SPALT, S8X-2, 88X-4, STEAPL, survivin, SYT-88X1 or -S5X7 fusion
protein, TAG-1, TAG-2, Telomerase, TGF-betaRIE, TPBG, TRAG-3, Triosephosphate
isomerase, TRP-1/gp75, TRP-2, TRP2-INT2, tyrosinase, tyrosinase (“TYR”), VEGF, WT1,
XAGE-1b/GAGED?2a. In some cmbodiments, the antigen is a neo-antigen.

269} In some embodiments, the immunotherapy agent is a cancer vaceine and/or a
component of a cancer vaccine (8., an antigenic peptide and/or protein}. The cancer
vaccine can be a profein vaccine, a nucleic acid vaceine or a combination thereof. For
example, in some embodiments, the cancer vaccine comprises a polypeptide comprising an
epitope of a cancer-associated antigen. In some embodiments, the cancer vaceine comprises
anucleic acid {e.g.. DNA or RNA, such as mRNA} that encodes an epitope of a cancer-
associated antigen. Examples of cancer-associated antigens include, but are not limited to,
adipophitin, AIM-2, ALDHIA1, alpha-actinin-4, alpha-fotoprotemn (“AFP™), ARTCL, B-
RAF, BAGE-1, BCLX (L3, BCR-ABL fusion protem b3a2, beta~catenun, BING-4, CA-123,
CALCA, carcinoembryonic antigen ("CEA™), CASP-3, CASP-8, CD274, CD45, Cde27,
CDK12, CDK4, CDKNZA, CEA, CLPP, COA-1, CPSF, CSNK1A1 CTAGI, CTAGZ,
cvehin D, Cyclin-Al, dek-can fusion protein, DKK1, EFTUD2, Elongation factor 2, ENAH
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(hMena), Ep-CAM, EpCAM, EphA3, epithehial tumor antigen (ETA™), ETV6-AMLI
fusion protein, EZH2, FGFS, FLT3-1TD, FN1, G250/MN/CAIX, GAGE-1.2.8, GAGE-
3.4.5,6,7, GAST, glypican-3, GaTV, gp100/Pmel 17, GPNMB, HAUS3, Hepsin, HER-2/ney,
HERV-K-MEL, HLA-ATL, HLA-AZ, HLA-DOB, hsp70-2, 1IDO1, IGF2B3, {L.13RalphaZ,
Intestinal carboxyl esterase, K-ras, Kallikrein 4, KIF20A, KK-LC-1, KKLC, KM-HKN-1,
KMHN] also known as CCBC110, LAGE-1, LBLR-fucosyltransferaseAS fusion protein,
Lengsin, M~CSF, MAGE-AL, MAGE-A 10, MAGE-A12, MAGE-A2, MAGE-A3, MAGE-
Ad, MAGE-A6, MAGE-A9, MAGE-C1, MAGE-C2, malic enzyme, mammaglobin-A,
MART2, MATN, MCIR, MCSP, mdm-2. ME1, Melan-A/MART-1, Meloe, Midkine,
MMP-2, MMP-7, MUCE, MUCSAC, mucin, MUM-1, MUM-2, MUM-3, Myosin, Myosin
class I, N-raw, NASR-A, neo-PAP, NFYC, NY-BR-1, NY-ESO-UVLAGE-2, OAl, OGT, 08§-
8, P polypeptide, p33, PAP, PAXS, PBF, pml-RARalpha fusion protein, polvmorphic
epithetial mucin (“PEM”), PPP1R3B, PRAME, PRDXS. PSA, PSMA, PTPRK, RAB3&/NY-
MEL-1, RAGE-1, RBAF600, RGSS, RhoC, RNF43, RU2AS, SAGE, secomin |, SIRTZ,
SNRPD, SOX10, Spl7, SPAYT, 88X-2, S8X-4, STEAP], survivin, SYT-SSX 1 or -SSX2
tusion protem, TAG-1, TAG-2, Telomerase, TGF-betaRH, TPBG, TRAG-3,
Triosephosphate isomerase, TRP-1/gp75. TRP-2, TRP2-INT2, tyrosinase, tyrosinase
(TYR™), VEGE, WT1, XAGE-1b/GAGEDZa. In some embodiments, the antigen is a neo-
antigen. In some embodiments, the cancer vaccine is adounistered with an adjuvant.
Examples of adjuvants inclade, but are not limited to, an tmmune modulatory protein,
Adjuvant 65, a-GalCer, aluminum phosphate, aluminom hydroxide, calcium phosphate, -
Glucan Peptide, CpG ODN DNA, GPI-0100, lipid A, hipopolysaccharide, Lipovant,
Montanide, N-acetyl-muramyl-L-alanyi-D-isoghitamine, Pam3CSK4, quil A | cholera toxin
(CT} and heat-labilc toxin from enterotoxigenic Escherichia coli (LT including derivatives
of these (CTB, mmCT, CTAI-DD, LTB, LTK63, LTR72, dml.T) and trehalose dimycolate.
1276 In some embodiments, the immunotherapy agent 1s an immune modulating
protein to the subject. In some embodiments, the immeone modulatory protein is a cvtokine
or chemokine. Examplos of imymune modulating proteing include, but are not limited to, B
tymphocyte chemoattractant ("BLC"), C-C motif chemokine 11 ("Eotaxin-1"}), Eostnophi]
chemotactic protein 2 ("Eotaxin-2"}, Granulocyte colony-stimulating factor ("G-CSF"),
Granalocyte macrophage colony-stimulating factor ("GM-CSF"}, 1-308, Intercellular
Adhesion Molecule 1 ("ICAM-1"}, Interferon alpha (“TFN-alpha™), lterferon beta ("IFN-

beta”) Interferon gamma ("TFN-gamma"}, Interhukin-1 alpha ("IL-1 aipha"), Interlukin-1
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beta ("IL-1 beta™), Interleukin 1 receptor antagonist ("IL-1 ra"), Interdevkin-2 ("IL-2"),
Interleukin-4 ("IL-4"), Interdeukin-5 ("IL-3"}, Interleukin-6 ("1L-6"), Interleukin-6 sohible
receptor ("TL-6 sR"), Interfeukin-7 ("IL-7"), Interleukin-R ("IL-8"), Interloukin- 10 ("IL-
10"y, Interleukin- 11 ("IL~11"), Subuntt beta of Interleukin- 12 ("IL~-12 p40" or "IL-12 p70™),
Interleukin-13 ("TL-~13"), Interdeukin-15 ("IL~13"), Interleukin~16 ("TL-16"), Interleukin-
17A-F ("IL-17A-F"), Interleukin-18 ("1L~-18"}, Interleukin-21 ("IL-21"), Interdenkin-22 ("I~
22N, Tntedeukin-23 ("IL-23"), Interleukn-33 ("TL-33"), Chemokine (C-C motif) Ligand 2
("MCP-1"}, Macrophage colony-stimulating factor ("M-CSF"), Monokine induced by
gamma interferon ("MIG"), Chemokine (C-C motif) ligand 2 ("MIP-1 alpha"}, Chemokine
(C-C motif) ligand 4 ("MIP-1 beta"}, Macrophage inflammatory protein- 1 ~delta ("MIP-1
delta"), Platelet-derived growth factor subunit B ("PDGF-BB"). Chemokine {(C-C motif)
ligand 5, Regulated on Activation, Normal T cell Expressed and Secreted ("RANTES"),
TIMP metallopeptidase inhibitor 1 ("TIMP-1"3, TIMP metallopeptidase inhibitor 2 ("TIMP-
2™y, Tumor necrosis factor, lymphotoxin-alpha ("INF alpha”}, Tumor necrosis factor,
tymphotoxin-beta ("TNF beta"}, Soluble TNF receptor type | ("sTNFRI"), sTNFRIIAR,
Brain-derived neuarotrophic factor ("BDNF"), Basic fibroblast growth factor ("bFGFE"), Bone
morphogenetic protein 4 ("BMP-4"), Bone morphogenetic protein 3 ("BMP-3"}), Bone
morphogenctic protein 7 ("BMP-7"), Nerve growth factor {("b-NGF"), Epidermal growth
factor ("EGF"), Epidermal growth factor receptor ("EGFR"), Endocring-gland-derived
vascular endothelial growth factor ("EG-VEGFE"), Fibroblast growth factor 4 ("FGF-4"3,
Keratinocyte growth factor ("FGF-7"), Growth differentiation factor 15 ("GDF-15"), Glial
cell-derived neurotrophic factor ("GDNF"), Growth Hormone, Heparin-binding EGF-like
growth factor ("HB-EGF"), Hepatocyte growth factor ("HGF"), Insulin-like growth factor
binding protein 1 ("IGFBP-1"), Insulin-like growth factor binding protein 2 ("IGFBP-2"),
Insulin-like growth factor binding protern 3 (" IGFBP-3"}, Insulin-like growth factor binding
protein 4 ("IGFBP-4"), Insulin-like growth factor binding protein 6 ("IGFBP-6"), Insulin-
like growth factor 1 ("IGF-1"), Insulin, Macrophage colonv-stimulating factor {("M-CSF R},
Nerve growth factor receptor ("NGF R™), Neurotrophin-3 ("NT-3"), Neurotrophin-4 ("NT-
4™, Osteoclastogenesis inhibitory factor ("Osteoprotegerin™), Platelet-derived growth factor
receptors {"PDGEF-AA™), Phosphatidylinositol-glyean biosynthesis ("PIGF"), Skp, Cullin, F-
box containing comples ("SCF"), Stem cell factor receptor ("SCF R™), Transforming growth
factor alpha ("TGFalpha"), Transtorming growth factor beta-1 ("TGF beta 1), Transforming

growth factor beta-3 ("TGF beta 3"}, Vascular endothelial growth factor ("VEGFE"),
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Vascular endothelial growth factor receptor 2 ("VEGFR2"}, Vascular endothelial growth
factor receptor 3 ("VEGFR3"}, VEGF-D 6Ckine, Tyrosine-protein kinase receptor UFQ
("Ax1"), Betacellulin ("BTC™), Mucosac-associated epithelial chemokine ("CCL28™),
Chemokme (C-C motit) igand 27 ("CTACK"), Chemokine (C-X-C motif) igand 16
{("CXCL16™), C-X-C motif chemokine 5 ("ENA-78"}, Chemokine (C-C motif) hgand 26
{"Eotaxin-3"), Granulocyte chemotactic protein 2 ("GCP-2"), GRO, Chemokine (C-C motif}
tigand 14 ("HCC-1"), Chemokine {C-C motif) ligand 16 ("HCC-4"), Interleukin~9 ("TL-9"},
Interlenkin-17 F ("IL-17F"), Interleukin- 18-binding protemn ("IL~18 BPa"}), Interleukin-28 A
("IL-28A")}, Interleakin 29 ("IL-29"), Interdenkin 31 ("IL-31"), C-X-C motif chemokine 10
("IP-10"}, Chemokine receptor CXCR3 ("I-TALT), Leukemia ihibitory factor ("LIF™),
Light, Chemokine (C motif) higand ("Lympbotactin}, Monocvie chemoattractant protein 2
{("MCP-2"), Monocyte chemoattractant protein 3 ("MCP-3"), Monocyte chemoattractant
protein 4 {"M{CP-4"}, Macrophage-derived chemokine ("MD{C"), Macrophage migration
inhibitory factor ("MIF"), Chemokine (C-C motif} ligand 20 ("MIP-3 aipha"}, C-C motf
chemokine 19 ("MIP-3 beta"), Chemokine (C-C motif) ligand 23 ("MPIF-1"), Macrophage
stimulating protein alpha chain ("MSPaipha"}, Nucleosome assembly protein 1-like 4
("NAP-2"), Secreted phosphoprotein 1 ("Osteopontin”}, Palmonary and activation-regulated
cytokine ("PARC™), Platelet factor 4 ("PF4"), Stroma cell-derived tactor- 1 alpha ("SDF-1
alpha™}, Chemokine (C-C motif) higand 17 ("TARCY), Thymus-expressed chemokine
("TECK"), Thymic stromal lymphopoictin ("TSLP 4- IBB"}, CD 166 antigen ("ALCAM"),
Cluster of Bifferentiation 80 ("B7-1"), Tomor necrosis factor receptor superfamily member
17 ("BCMA"), Cluster of Differentiation 14 ("CD14"), Cluster of Differentiation 30
("CD30"y, Cluster of Differentiation 40 ("CD40 Ligand™), Carcinoembryonic antigen-related
cell adhesion molecule 1 (biliary glvcoprotein) ("CEACAM-1"), Death Receptor 6 ("DR6™),
Deoxythymidine kinase ("DMk™), Tvpe 1 membrane glycoprotein ("Endoglin”}, Receptor
tyrosine-protein kimase erbB-3 ("ErbB3"), Endothelial-leukocyie adhesion molecule 1 ("E-
Selectin}, Apoptosts antigen 1 ("Fas"), Fma-like tyrosine kinase 3 ("Fit-3L"), Tumor
necrosis factor receptor superfamily member 1 ("GITR™), Tumor necrosis factor recepior
superfamily member 14 ("HVEM"), Intercellular adhesion molecule 3 ("ICAM-3"), 1L-1 R4,
{L-1 RE HL-10 Rbeta, IL-17R, IL-2Rgamma, IL-21R, Lysosome membrane protein 2
("LIMPIH"}, Neutrophil gelatinase-associated lipocalin ("Lipocalin-2"}, CD62L ("L-
Selectin™), Lynophatic endothchum ("LYVE-1"), MHC class I polypeptide-telated sequence
A ("MICA"), MHC class I polvpeptide-related sequence B ("MICRE"), NRGl-betal, Beta-

~
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type platelet-derived growth factor receptor ("PDGF Rbeta™), Platelet endothehial cell
adhesion molecule ("PECAM-1"), RAGE, Hepatitis A virus celhdar receptor T ("TIM-1"),
Tumor necrosis factor receptor superfamily member 10C ("TRAIL R3"), Trappin protein
transglutaminase binding domain ("Trappin-2"}, Urokinase receptor ("aPAR"), Vascular cell
adhesion protem 1| ("VCAM-1"), XEDARActivin A, Agouti-related protemn ("AgRP"),
Ribonuclease 5 ("Angiogenin™), Angiopoietin 1, Angiostatin, Catheprin §, CD406, Cryptic
family protem 1B ("Cripto-1"), DAN, Dickkopt-related protein 1 ("DEK-1"), E-Cadherin,
Epithehial cell adhesion molecule ("EpCAM"), Fas Ligand (FasL or CDOSL), Feg RIIB/C,
Follistatin, Galectin-7, Interccthular adhesion molecude 2 ("ICAM-2"y, IL-13 RE IL-13R2,
1L-178, HL-2 Ra, 1L-2 Rb, 11-23, LAP, Neuronal cell adhesion molecule ("NrCAM™),
Plasminogen activator inhubitor- 1 ("PAI-1"), Platelet derived growth factor receptors
{("PDGE-AB"), Resistin, stromal cell-derived factor 1 ("SDF-1 beta”), sgpl30, Secreted
frizzled-related protein 2 ("ShhN"}, Sialic acid-binding immunoglobulin-type lectins
{"Siglec-5"y, ST2, Transforming growth factor-beta 2 ("TGF beta 2"), Tie-2,
Thrombopoietin ("TPO"}, Tumor necrosis factor receptor superfanuly member 10D
{("TRAIL R4"}, Triggering receptor expressed on myeloid cells 1 ("TREM-1"), Vascular
endothelial growth factor C ("VEGF-("), VEGFRIAdiponectin, Adipsin {"AND"™), Alpha-
fetoprotem ("AFP"), Anglopoictin-like 4 ("ANGPTL4"), Beta~-Z-microglobulin ("B2M"),
Basal cell adhesion molecule ("BCAM™), Carbohvdrate antigen 125 ("CA 125"}, Cancer
Antigen 15-3 ("CA15-3"}, Carcinoembryonic antigen ("CEA"}), cAMP receptor protein
{("CRP"), Human Epidermal Growth Factor Receptor 2 {("ErbB2"), Follistatin, Follicle~
stimulating hormone ("FSH"), Chemokine (C-X-C motif} Hgand | ("GRO alpba”}), human
chorionic gonadotropin ("beta HCG™), Insulin-like growth factor 1 receptor ("IGF-1 sR™),
1L-1 sRI, EE-3, TL-18 Rb, IL-21, Leptin, Matrix metaloproteinase-1 ("MMP-1"), Matrix
metalloproteinase-2 ("MMP-2"), Matrix metalloproteinase-3 ("MMP-3"), Matrix
metalloproteinase-8§ ("MMP-8"), Matrix metalloproteinase-9 ("MMP-9"), Matrix
metalloproteinase-1¢ ("MMP-10"), Matrix metalloproteinase-13 ("MMP-13"), Newral Cell
Adhbesion Molecule ("NCAM-1"), Entactin {("Nidogen-1"), Neuron specific enolase ("NSE"),
Oncostatin M ("OSM™), Procalcitonin, Prolactin, Prostate specific antigen ("PSA™), Sialic
actd-binding Ig-like lectin 9 ("Siglec-9"), ADAM 17 endopeptidase ("TACE")
Thyroglobulin, Metalloproteinase inhibitor 4 ("TIMP-4"), TSH2B4, Disintegrin and

metalloproteinase domain~containing protein 9 ("ADAM-9"), Angiopoictin 2, Tumor

necrosis factor higand superfamily member 13/ Acidic lencine-rich nuclear phosphoprotein
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32 famuly member B ("APRIL"), Bone morphogenetic protein 2 ("BMP-2"}, Bone
morphogenstic protein 9 ("BMP-9"), Complement component 5a ("C5a"), Cathepsin L,
CD200, CH97. Chemerin, Tumor necrosis factor receptor superfamily member 6B
{"DcR3"), Fattv acid-binding protein 2 ("FABP2"), Fibroblast activation protein, alpha
{"FAP"}), Fibroblast growth factor 19 {"FGF-19"), Galectin-3, Hepatocvte growth factor
receptor {("HGF R"), IFN-gammalpha/beta R2, Insulin-like growth factor 2 ("EGF-2"),
Tosulin-like growth factor 2 receptor ("IGF-2 R"), Interleukin-1 receptor 6 ("IL-1R6"),
Toterlenkin 24 ("TL-24"}, Interleukin 33 ("IL-33", Kallikrein 14, Asparaginyl endopeptidase
("Legumain"), Oxidized low-density lipoprotein receptor 1 ("LOX-1"), Mannose-binding
fectin ("MBL"}, Neprilysin ("NEP"), Notch homolog 1, translocation-associated
(Drosoplula) ("Notch-1"}, Nephroblastoma overexpressed ("NOV"), Osteoactivin,
Programmed cell death protein 1 ("PD-17), N-acetvimuramoyl-L-alanine amidase ("PGRP-
5™, Serpin A4, Secreted frizzled related protem 3 ("sFRP-3"}, Thrombomeodalin, Tolllike
RI"), Transfervin ("TRF"), WIF-IACE-2, Albunun, AMICA, Angiopoietin 4, B-cell
activating factor ("BAFF"), Carbohydrate antigen 19-9 ("CA19-9"), D 163 | Closterin,
CRT AM, Chemokine {C-X-C motif) higand 14 ("CXCL14™), Cystatin €, Decorin ("DCN"),
Dickkopf-related protein 3 ("Dkk-3"), Delta-like protein | ("DLEL1"), Fetuin A, Hepario-
binding growth factor | ("aFGF"), Folate receptor alpha ("FOLRI"), Furin, GPCR-

receptor 2 ("TLRZ"), Tumor necrosis factor receptor superfamily member 10A ("TRAIL

associated sorting protein 1 ("GASP-1"), GP{R-associated sorting protein 2 ("GASP-2"),
Granuocyie colony-stimulating factor receptor ("GCSF R"), Serine protease hepsin ("HAL-
2", Toterleukin-178 Receptor ("[L~17B R"), Interleukin 27 ("IL-27"}, Lymphocyte-
activation gene 3 ("LAG-3"), Apolipoprotein A-V ("LDL R"}, Pepsinogen I, Retinol binding
protein 4 ("REP4"), SOST, Heparan sulfate protcoglycan ("Syndecan-1"), Tumor necrosis
factor receptor superfarnily member 138 ("TACI"), Tissue factor pathway inhibitor
{("TFPI"), TSP-1, Tumor necrosis factor receptor superfamily, woember 10b ("TRAIL R2™),
TRANCE, Troponin I, Urokinase Plasmmogen Activator ("uPA"), Cadherin 5, type 2 or
VE-~cadherin {(vascular endothelial) also known as CD144 ("VE-Cadherin®), WNTI-
nducible-signaling pathway protem 1 ("WISP-1"), and Receptor Activator of Nuclear
Factor « B ("RANK"}.

271} In some embodiments, the cancer therapeutic s an anti-cancer compound.
Exemaplary anti-cancer compounds include, but are not limited to, Alemtuzumab

{Campath®}, Alitretinoin (Panretin®), Anastrozole (Arimidex®)}, Bevacizumab {Avastin®}),
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Bexarotene {Targretin®), Bortezomib (Velcade®), Bosutintb (Bosulif®), Brentuxunab
vedotin (Adcetris®), Cabozantimb (Cometrig™), Carfilzonub (Kyprolis™), Cetuximab
(Erbitux®}, Crizotinib (Xalkon®), Dasatinib (Sprycel®), Denileukin diftitox (Ontak®3},
Erlotinib hydrochloride (Tarceva®), Everolimus (Afinitor®), Exeraestane (Aromasin®),
Fulvestrant {(Faslodex®), Gefitinib (Iressa®), Toritumomab tiuxetan (Zevalin®), Imatinib
mesylate {Gleevec®}, Ipilimumab (Yervoy™), Lapatinib ditosylate {Tvkerb®}, Letrozole
{Femara®), Nilotiub (Tasigna®), Ofatuwroumab (Arzerra®), Pantumumab (Vectibix®),
Pazopanib hydrochloride (Votrient®), Pertuzamab (Perjeta™), Pralatrexate (Folotyn®),
Regorafenib (Stivarga®), Rituximab (Rituxan®), Romidepsin (Istodax®}, Sorafenib tosylate
(Nexavar®), Sunitintb malate (Sutent®), Tamoxifen, Temsirolimus (Torisel®), Toremifene
(Fareston®}, Tosttumomab and 13 H~tositumomab (Bexxar®}, Trastuzumab (Hercoptin®),
Tretimoin (Vesanoid®), Vandetanib (Caprelsa®), Vemurafenib (Zelborafi®), Vorinostat
{Zolinza®}, and Ziv-aflibercept {Zaltrap®}.

1272} Exemplary anti-cancer compounds that modify the function of proteins that
reguiate gene expression and other cellular functions (¢ g, HDAC whibitors, retinoid
receptor hgants} are Vorinostat (Zolinza®), Bexarotene (Targretin®) and Romidepsin
{Istodax®}, Alitretinoin (Panretin®), and Tretinom {(Vesanoid®).

{273} Exemplary anti-cancer compounds that induce apoptosis {¢.g., protfcasome
inhibitors, antifolates) are Bortezomib (Velcade®3, Carfilzomib (Kyprolis™), and
Pralatrexate (Folotyn®}.

{274} Exemplary anti-cancer compounds that increase anti-fumor immune response
{c.g., antt CD20, ant CD5Z; anti~cytotoxic T-lymphocyte-associated antigen-4) are
Rituximab {Ritaxan®), Alemtuzamab {Campath®}, Gfatumomab (Arzerra®}, and
Ipilimumab (Yervoy™),

275] Exeniplary anti-cancer compounds that deliver toxic agents to cancer cells
{¢.g., anti-CD20-radionuchide fusions; IL-2-diphtheria toxin fusions; anti-CD30-~
monomethylauristatin E (MMAE)-fusions) are Tosttumomab and 13 1i-tositumomab
{Bexxar®jand hritumomab tiuxetan (FZevalin®), Denileukin diftitox (Ontak®), and
Brentuximab vedotin {Adcetris®).

[276] Other exemplary anti-cancer compounds are small molecule inhibitors and
conjugates thereof of, e.g., Janus kinase, ALK, Bcl-2, PARP, PI3K, VEGF receptor, Braf,
MEK, CDK, and HSP90.
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277} Exemplary platinum-based anti-cancer compounds include, for example,
cisplatin, carboplating oxaliplatin, satraplatin, picoplatin, Nedaplatin, Triplatin, and
Lipoplatin. Other metal-based drugs suitable for treatment include, but are not limited to
ruthenium-based compounds, ferrocene derivatives, titantum-based compounds, and
gallium-based compounds.

1278} I some embodiments, the cancer therapeutic is a radioactive moiety that
comprises a radionuchde. Exemplary radionuchides include, but are not lunuted to Ce-51, Cs-
131, Ce-134, Se-75, Ru-97, 1-125, Fu-149, Os-189m, $b-119, [-123, Ho-161, Sb-117, Ce-
139, In-111, Rh-103m, Ga-67, TI-201, Pd-103, Au-195, Hg-197, $r-87m, Pt-191, P-33, Er-
169, Ru-103, Yb-169, Au-199, Sn-121, Tm-167, Yb-175, In-113m, Sn-113, Lu-177, Rh-
103, Sn-117m, Cu-67, Sc-47, Pt-195m, Ce-141, I-131, Tb-161, As-77, Pt-197, Sm-~153, Gd-
159, Tm~173, Pr-143, Au-198, Tm-~170, Re~186, Ag-111, Pd-109, Ga-73, Dy~165, Pm-149,
Sn-123, $r-89, Ho-166. P-32, Re-188, Pr-142, 1r-194, In-114m/In-114, and Y-90.

{279] In some cmbodiments, the cancer therapeutic is an antibiotic. For example, if
the presence of a cancer-associated bacteria and/or a cancer-associated microbiome profile is
detected according to the methods provided herein, antibiotics can be administered to
chiminate the cancer-associated bacteria from the subject. “Antibiotics” broadly refers to
compounds capable of inhibiting or preventing a bacterial intection. Antibiotics can be
classified in a number of ways, inclading their use for specific infections, their mechaniam
of action, their bicavailability, or their spectnum of target microbe (¢.g., Gram-negative vs.
Gram-positive bacteria, acrobic vs. anacrobic bacteria, etc.) and these may be used to kill
specitic bacteria tn specific arcas of the host (“niches™) (Leckha, et al 2011 General
Principles of Antimicrobial Therapy. Mayo Chin Proc. 86(2): 156-167). In certain
embodiments, antibiotics can be used to selectively target bacteria of a specific niche. In
some cmbodiments, antibiotics known to treat a particular infection that includes a cancer
niche moay be used to target cancer-associated microbes, including cancer-associated bactena
i that niche. In other embodiments, antibiotics are administered afier the pharmaceutical
composition comprising mEVs (such as smEVs and/or pmEVs), bacteria, or any
combination thercof. Tn some embodiments, antibiotics are administered before
pharmaceutical composition comprising mEVs (such as smEVs and/or pmEVs), bacteria, or
any combination thereof.

1280} In some aspects, antibiotics can be sclected based on their bactericidal or

bacteriostatic properties. Bactenicidal antibictics inchude mechanisms of action that disrupt
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the cell wall {e.g., B-lactams), the ccll membrane {¢.g., daptomycin}, or bactenal DNA {e.g.,
fluoroguinolones). Bacteriostatic agents inhibit bacterial replication and include
sulfonamides, tetracyclines, and macrolides, and act by inhibiting protein synthesis.
Furthermore, while some drugs can be bactericidal in certain organisms and bacteriostatic in
others, knowing the target organism allows one skilled 1n the art to select an antibiotic with
the appropriate propertics. In certain treatment conditions, bacteriostatic antibiotics inhibit
the activity of bacternicidal antibiotics. Thus, 1o certain embodiments, bactericidal and
bacteriostatic antibiotics are not combined.

{281} Antibiotics include, but are not lomited to aminoglycosides, ansamyeins,
carbacephems, carbapenems, cephalosporins, glycopeptides, lincosamides, lipopeptides,
macrolides, monobactams, nitrofurans, oxazolidonones, penicillins, polypeptide antibiotics,
gquinolones, fluoroguinolone, sulfonamides, tetracyclines, and anti-myvcobactenal
compounds, and combinations thereof.

{282] Aminoglycosides include, but are not limited to Amikacin, Gentamicin,
Kanamyein, Neomycin, Netilmicin, Tobramycin, Paromomycin, and Spectinomyciu.
Aminoglycosides are effective, ¢.g., against Gram-negative bacteria, sach as Escherichia
coli, Klebsiella, Pseudomonas acruginosa, and Francisella tularensis, and against certain
aerobic bacteria but less cffective against obligate/facultative anacrobes. Aminoglyeosides
are believed to bind to the bacterial 3065 or 508 ribosomal subunit thereby inhibiting
bacterial protein synthesis.

{283} Ansamyeins inchude, but are not linuted to, Geldanamycin, Herbimycin,
Rifamycin, and Streptovanicin. Geldanamyein and Herbunycio are belicved to ishibit or alter
the function of Heat Shock Protein 90,

1284} Carbacephems include, but are not limited to, Loracarbef. Carbacephems are
believed to inhibit bacterial cell wall svnthesis.

{285] Carbapenems include, but are not Himited to, Ertapenem, Doripenem,
Imipenem/Cilastatin, and Meropenem. Carbapenems are bactenieidal for both Gram-positive
and Gram-negative bacteria as broad-spectrum antibiotics. Carbapenoms are believed to
inhibit bacterial cell wall synthesis.

{286} Cephalosporing include, but are not limited to, Cefadroxil, Cefazohn,
Cefalotin, Cefalothin, Cefalexin, Cefaclor, Cefamandole, Cefoxitin, Cefprozl, Cefuroxime,
Cefixime, Cefdinir, Cefditoren, Cefoperazone, Cefotaxime, Cefpodoxime, Ceftazidime,

Ceflibuten, Ceflizoxime, Cefirtaxone, Cefepime, Ceftaroline fosamil,and Cefiobiprole.
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Selected Cephalosporins are effective, ¢.g., against Gram-negative bacteria and against
Gram-positive bacterta, including Pseudomonas, certain Cephalosporins are effective
against methicillin-resistant Staphylococcus aurens (MRSA). Cephalosporins are belicved to
inhibit bacterial cell wall synthesis by disrupting synthesis of the peptidoglyean layer of
bacterial cell walls.

{287} Glycopeptides include, but are not limited to, Teicoplanin, Vancomycin, and
Telavancin. Glycopeptides are effective, ¢.g., agamst acrobic and anacrobic Gram-positive
bactena mchuding MRSA and Clostridium difficile. Glycopeptides are behieved to mbibit
bactertal cell wall synthesis by disnupting synthesis of the peptidoglyean layer of bactenal
cell walls.

{288] Lincosanudes nclude, but are not limated to, Clindamyein and Lincomycin,
Lincosamudes are effective, ¢.g., agamst anaerobic bacteria, as well as Staphvlococcus, and
Streptococcus. Lincosanudes are believed to bind to the bacterial 508 nbosomal subumit
thereby inhibiting bacterial protein synthesis.

{289] Lipopeptides mchude, but are not fimited to, Daptomycin. Lipopeptides are
effective, e.g., against Gram-positive bacteria. Lipopeptides are believed to bind to the
bacterial membrane and cause rapid depolarization.

{294] Macrolides include, but are not linuted to, Azithromyein, Clartthronyycin,
Dinthromycin, Erythromyvein, Roxithromycin, Troleandomycein, Telithromyemn, and
Spiramyein. Macrolides are effective, ¢.g., against Streptococcus and Mycoplasma.
Macrolides are believed to bind to the bacterial or 508 ribosomal subunit, thereby inhibiting
bacterial protein svothesis.

{291} Monobactams include, but are not imited to, Aztreonam. Monobactams are
effective, ¢.g., against Gram-negative bacteria. Monobactams arc believed to inhibit
bactertal cell wall synthesis by disrupting synthestis of the peptidoglycan layer of bacterial

cell walls.

{292} Nitrofurans include, but are not limited to, Furazolidone and Nitrofurantom.
293} Oxazolidonones include, but are not limited to, Linezolid, Posizolid,

Radezolid, and Torezolid. Oxazolidonones are believed to be protein synthesis inhibitors.
{294} Pemailling include, but are not linuted to, Amoxicillin, Ampicillin, Azlocilhn,
Carbenicilling, Cloxaciilin, Dicloxacilling, Flucloxacilhin, Mezlocillin, Methicillin, Nafcilin,
Oxacillin, Penicillin G, Penicidlin V, Piperacillin, Temocillin and Ticarcithin. Penicillins are

effective, ¢.g, against Gram-positive bactenia, facultative anaerobes, e.g., Streptococcus,
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Borrelia, and Treponema. Penicillins are believed to inhubit bacterial cell wall synthesis by
disrapting svnthesis of the peptidoglycan layver of bacterial cell walls,

[295] Penicillin combinations include, but are not imited to,
Amoxicithin/clavulanate, Ampicillin/sulbactam, Piperacillin/tazobactam, and
Trcarcillin/clavulanate.

{296] Polypeptide antibiotics include, but are not imited to, Bacitracin, Colistin,
and Polymyxin B and E. Polypeptide Antibiotics are effective, ¢.g., against Gran-negative
bacteria. Certain polypeptide antibiotics are believed to inhibit isoprenyl pyrophosphate
mnvolved in synthesis of the peptidoglvean layer of bacterial cell walls, while others
destabilize the bacterial outer membrane by displacing bacterial counter-ions.

2974 Quinolones and Fluoroguinolone include, but are not hmited to,
Ciprofloxacin, Enoxacin, Gatifloxacin, Genmifloxacin, Levofloxacin, Lomefloxacin,
Mouxifloxacin, Nalidixic acid, Neorfloxacin, Ofloxacin, Trovafloxacin, Grepatloxacin,
Sparfloxacin, and Temafloxacin. Quinolones/Fluoroguinolone are effective, ¢.g., against
Streptococcus and Neisseria. Quinolones/Fluoroquinolone are believed to 1nhibit the
bacterial BNA gvrase or topoisomerase IV, thereby mhibiting DNA replication and
transcription.

298} Sulfonamides inchude, but are not lunited to, Maftenude, Sulfacetamide,
Sulfadiazine, Silver sulfadiazine, Sulfadimethoxine, Sulfamethizole, Sulfamethoxazole,
Sulfantlimide, Sulfasalazine, Sulfisoxarcle, Trimethoprim-Sulfamethoxazole {Co-
trimoxazole), and Sulfonamidochrysoidine. Selfonamides are believed to inhibit folate
synthesis by competitive inhibition of dihydropteroate synthetase, therchy inhibiting nucleis
acid synthesis.

1299} Tetracvelines include, but are not limited to. Demeclocycline, Doxveycline,
Minocycline, Oxytetracycline, and Tetracycline. Tetracvelines are effective, ¢.g., against
Gram-negative bacteria. Tetracyclines are believed to bind to the bacterial 305 ribosomal
subunit thereby inhibiting bacterial protein synthesis.

{300] Anti-mycobacterial compounds include, but are not linuted to, Clofazimine,
Dapsone, Capreomycin, Cycloserine, Ethambutol, Ethionamide, Isoniazid, Pyrazinamide,
Rifampicin, Rifabutin, Rifapentine, and Streptomycin.

{301] Suitable antibiotics also include arsphenamine, chioramphenicol, fosfomycin,
tusidic acid, metronidazole, mupirocin, platensimycin, quinupristin/dalfopristin, tigecyeline,

tnidazole, trimethoprim amoxicilhin/clavelanate, ampicillin/sulbactam, amphomyemn
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ristocetin, azithromyem, bacitracin, bufonin 11, carborvein, cecropin P, clarthromyein,
erythromycins, furazohidone, fusidic acid, Na fusidate, gramicidin, imipenem, indohicidin,
josanvycin, magainan 11, metronidazole, nitroimidazoles, mikamycin, mutacin B-Ny266,
mutacin B-JHI 140, mutacin J-T8, nisin, nisin A, novobiocin, oleandomycm, ostreogrycin,
piperacithn/tazobactam, pristinamyein, ramoplanin, ranalexin, reuterin, nifaximin, rosamicin,
rosaramicin, spectinomyein, spiramycin, staphylonrycin, streptogranun, streptogramin A,
synergistin, taurolidine, teicoplanin, telithromyvcein, ticarcillin/clavulanic acid,
triacetyloleandomycin, tylosm, tyrocidin, tyrothricin, vancomyein, vemamycin, and

virginiamycin.

Admuustration

{362} In certain aspects, provided herein is a method of delivering a pharmaceutical
composition described herein {e.g., a pharmaceatical composition comprising Harryflintia
acetispora mEVs (such as smEVs and/or pmEVs), bacterta, or any combination thereof to a
subject. In some embodiments of the methods provided herein, the pharmaceutical
composition is administered in conjunction with the administration of an additional
therapeutic agent. In some embodiments, the pharmaceutical composition comprises mEVs
{such as smEVs and/or proEVs), bacteria, or any combination thercof, co-formulated with
the additional therapeutic agent. In some embodiments, the pharmaceutical composition
comprising mEVs (such as smEVs and/or pmEVs), bacteria, or any combination thereof, is
co-administered with the additional therapeutic agent. In some embodiments, the additional
therapeutic agent 15 adunstered to the subject before administration of the pharmaceutical
composition that comprises mEVs (such as smEVs and/or pmEVs), bactenia, or any
combination thereof {c.g., about 1,2, 3,4, 3,6, 7, 8,9, 10, 15, 20, 25, 30, 35, 40,45, 50 or
55 minutes before, about 1.2, 3. 4.5, 6,7, 8.9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,21,
22 or 23 hours before, orabout 1,2, 3,4,3,6,7, 8,9, 10, 11, 12, 13 or 14 days before). In
some embodiments, the additional therapeutic agent 1s adnunistered to the subject after
administration of the pharmaceutical composition that comprises mEVS (such as smEVs
and/or pmEVs), bacteria, or any combination thereof {e.g., about 1, 2,3, 4. 5,6,7, 8,9, 10,
15,20, 25, 30, 35, 40, 45, 50 or 55 manutes after, about 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13,
14, 15. 16, 17, 18, 19, 20. 21, 22 or 23 hours after, orabout 1, 2, 3.4, 5,6, 7.8, 9, 10, 11, 12,
13 or 14 days after). In some embodiments, the same mode of delivery s used to deliver

both the pharmaceutical composition that comprises mEVs (such as smEVs and/or pmEVs),
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bacteria, or any combination thereof, and the additional therapeutic agent. In some
embodiments, different modes of delivery are used to admimster the pharmaceutical
composition that comprises mEVs (such as smEVs and/or pmEVs), bacteria, or any
combination thercof, and the additional therapeutic agent. For ¢xaraple, in some
embodiments the pharmaceutical composition that comprises mEVs {such as smEVs and/or
pmEVs), bacteria, or any combination thereof, is administered orally while the additional
therapeutic agent 15 admuustered via injection (e.g., an intravenous, ntramuscular and/or
ntratumoral injection}. In some embodiments, the pharmacentical composition deseribed
herein is administered once a day. In some embodiments, the pharmaceutical composition
described herein is administered twice a day. In some embodiments, the pharmaceutical
composition described herein is formulated for a daily dose. In some embodiments, the
pharmaceutical composition described herein 1s formulated for twice a day dose, wherem
cach dose is half of the daily dose.

{303} i cortain embodiments, the pharmaceutical compositions and dosage forms
described herein can be adnunistered 1n conjunction with any other conventional anti-cancer
treatment, such as, for example, radiation therapy and surgical resection of the tumor. These
troatments may be applied as necessary and/or as indicated and may occur before,
concurrent with or aticr admunistration of the pharmaceutical composition that conprises
mEVs (such as smEVs and/or pmEVs}, bactena, or any combination thereof, or dosage
forms described heremn.

{304} The dosage regimen can be any of a varicty of methods and amounts, and can
be deterrained by one skilled in the art according to known clivical factors. As is known in
the medical arts, dosages for any one patient can depend on many factors, inclading the

subject's species, size, body surface area, age, sex, mnmunoconmpetence, and gencral health,

the particular microorganism 1o be admuustered, duration and route of administration, the
kind and stage of the discase, for example, tumor size, and other compounds such as drugs
being admimstered concurrently or near-concurrently. In addition to the above factors, such
levels can be affected by the infectivity of the microorganism, and the nature of the
microorganism, as can be deterrined by one skilled in the art. In the present methods,
appropriate minimuam dosage levels of microorganisms can be levels sufficient for the
microorganism to survive, grow and replicate. The dose of a pharmaceutical composition
that comprises mEVs (such as smEVs and/or pmEVs), bacteria, or any combination thercof,

described herein may be appropriately set or adjusted in accordance with the dosage form,
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the route of administration, the degree or stage of a target disease, and the like. For example,
the generad effective dose of the agents may range between 0.01 mg/g body weight/day and
1000 me/keg body weight/day. between 0.1 mg/kg body weight/day and 1000 mg/kg body
weight/day, 0.5 mg/kg body weight/day and 500 mg/kg body weight/day, 1 ma/kg body
weight/day and 100 mg/kg body weight/day, or between 5 mg/kg body weight/day and 50
mg/kg body weight/day. The effective dose may be 0.01, 0.05, 0.1, 0.5, 1, 2, 3, 5, 10, 20, 30,
40, 50, 60, 70, 80, 90, 100, 200, 500, or 1000 mg/kg body weight/day or more, but the dose
1s not Hmited thereto.

{365] In some embodiments, the dose administered to a sabject is sufficient to prevent
discase {(e.g, a cancer, an auloimmune disease, an intflammatory disease, a dysbiosis, ora
metabolic disease), delay its onset, or slow or stop its progression, or relieve one or more
svmptoms of the disease. One skilled in the art will recognize that dosage will depend upon
a variety of factors including the strength of the particular agent (e.g., therapeutic agent}
crployed, as well as the age, specics, condition, and body weight of the subject. The size of
the dose will also be determined by the route, timing, and frequency of adnunistration as
well as the existence, nature, and extent of any adverse side-effects that might accompany
the administration of a particular therapeutic agent and the desired physiological effect.
1306} Suitable doses and dosage regimens can be determined by conventional range-
finding techniques known to those of ordinary skill in the art. Generally, treatment is
inttiated with smaller dosages, which are less than the optimum dose of the compound.
Thereafter, the dosage is increased by small increments until the optimum effect vader the
circunstances is reached. An cffective dosage and treatment protocol can be determuned by
routine and conventional means, starting ¢.g., with a low dose in laboratory amimals and then
increasing the dosage while monitoring the effects, and systematically varying the dosage
regimen as well. Animal studies are commonly used to deteroune the maxinal tolerable
dose ("MTDB") of bioactive agent per kilogram weight. Those skilled in the art regularly
extrapolate doses for efficacy, while avoiding toxicity, in other species, including humans,
{307} In accordance with the above, in therapeutic applications, the dosages of the
therapeutic agents used i accordance with the invention vary depending on the active agent,
the age, weight, and clinical condition of the recipient patient, and the experience and
judgment of the clinician or practitioner adnunistering the therapy, among other factors
affecting the selected dosage. For example, for cancer treatioent, the dose should be

sufficient to result m slowing, and preferably regressing, the growth of a tumor and most
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preferably causing complete regression of the cancer, or reduction in the size or number of
metastases. As another example, the dose should be sufficient to result in slowing of
progression of the disease for which the subject is being treated, and preferably amelioration
of one or more symptoms of the disease for which the subject is being treated.

{308} Separate adnunistrations can include any number of two or more administrations,
nchuding two, three, four, five or six administrations. One skilled in the art can readily
determine the number of adminustrations to perform or the desirability of performing one or
more additional administrations according to methods known n the art for monitoring
therapeutic methods and other monitoring methods provided herein. Accordingly, the
methods provided herein include methods of providing to the subject one or more
adounistrations of a pharmaccutical composition, where the number of administrations can
be determuned by monitoring the subject, and, based on the results of the monttoring,
determining whether or niot to provide one or more additional administrations. Deciding on
whether or not to provide one or more additional administrations can be based on a variety
of monitoring results.

{309] The time pertod between adnunistrations can be any of a variety of time periods.
The time period between administrations can be a function of any of a variety of factors,
including monttoring steps, as described m refation to the number of adnunistrations, the
time period for a subject to mount an immune response. In one example, the time period can
be a fimction of the ime period for a subject to mount an immune response; for example, the
time period can be more than the time period for a subject to mount an immune fesponse,
such as more than about one week, more than about ten days, more than about two weeks, or
more than about a month; in another example, the time period can be less than the time
period for a subject to mount an immune response, such as less than about one week, less
than about ten days, less than about two weeks, or less than about a month.

{316 In some embodiments, the delivery of an additional therapeutic agent in
combination with the pharmaceutical composition described herein reduees the adverse
cffects and/or improves the efficacy of the additional therapeutic agent.

(311} The effective dose of an additional therapeutic agent described herein is the
amount of the additional therapeutic agent that 1s effective to achieve the desired therapeutic
response for a particolar subject, composition, and mode of adnunistration, with the least
toxicity to the subject. The effective dosage level can be identified using the methods

described herein and will depend upon a variety of pharmacokinetic factors including the
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activity of the particular compositions or agents administered, the route of adminustration,
the time of administration, the rate of excretion of the particular compound being employed,
the duration of the treatment, other drugs, compounds and/or materials used in combination
with the particular compositions eraployed, the age, sex, weight, condition, general bealth
and prior medical history of the subject being treated, and like factors well known in the
medical arts. In general, an effective dose of an additional therapeutic agent will be the
amount of the additional therapeutic agent which is the lowest dose effective to produce a
therapeutic effect. Such an effective dose will generally depend upon the factors described
above.

The toxicity of an additional therapeutic agent is the level of adverse effects experienced by
the subject during and following treatroent. Adverse events associated with additional
therapy toxicity can include, but are not limited to, abdominal pain, acid mdigestion, acid
reflux, allergic reactions, alopecia, anaphylasix, anemia, anmxiety, lack of appetite,
arthralgias, asthenia, ataxia, azotemia, loss of balance, bone pain, bleeding, blood clots, low
blood pressure, elevated blood pressure, difficulty breathing, bronchitis, bruising, low white
blood cell count, low red blood cell count, low platelet count, cardiotoxicity, cystitis,
hemorrhagic cystitis, arrhythmias, heart valve disease, cardismyopathy, coronary artery
discase, cataracts, central neurotoxicity, cognitive tapaitment, confusion, conjunctivitis,
constipation, coughing, cramping, cvstitis, deep vein thrombosis, dehvdration, depression,
diarrhea, dizziness, dry mouth, dry skin, dyspepsia, dyspnea, edema, electrolvie imbalance,
csophagitis, fatigue, loss of fertility, fever, flatulence, flushing, gastrc reflux,
gastrocsophageal reflux discase, genital pain, granulocytopenia, gynccomastia, glaucoma,
hair loss, hand-foot syndrome, headache, hearing loss, heast faihure, heart palpitations,
heartburn, hematoma, hemorrhagic cystitis, hepatotoxicity, hyperamylasemia,
hypercalcemia, hyperchloremia, hyperglycemia, hyperkalenua, hyperlipasenia,
hypermagnesemia, hypernatremia, hyvperphosphatemia, hyperpigmentation,
hyperirighyceridemia, hyperuricemia, hypoalbuninemia, hypocalcemia, hyvpochloremia,
hypoglycenua, hypokalemia, hypomagnesenia, hyponatremia, hypophosphatemia,
impotence, infoction, injoction site reactions, msonua, tron deficiency, itching, joint pain,
kidney fatlure, leukopenia, liver dysfunction, memory loss, menopause, mouth sores,
mucositis, muscle pain, myalgias, myelosuppression, myocarditis, neutropenic fever, nausea,
nephrotoxicity, neutropenia, noscbleeds, numbness, ototoxicity, pain, palmar-plantar

ervthrodvsesthesia, pancviopenia, pericarditis, penipheral neuropathy, pharyngitis,
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photophobia, photosensitivity, pneumonia, prewmonitis, proteimuria, pubmonary embolus,
pulmonary fibrosis, pulmonary toxicity, rash, rapid heart beat, rectal bleeding, restlessness,
rhinitis, seizures, shortness of breath, sinusitis, thrombocyiopenia, tinnitus, urinary tract
infection, vaginal bleeding, vaginal dryness, vertigo, water retention, weakness, weight loss,
weight gain, and xerostomia. In general, toxicity s acceptable if the benefits to the subject
achieved through the therapy outweigh the adverse events experienced by the subject duc to

the therapy.

Metabolic disorders

1312} In some embodiments, the methods and pharmaceutical compositions
described herein relate to the treatment or prevention of a metabolic disease or disorder a,
such as type I diabetes, impaired glucose tolerance, msulin resistance, obesity,
hyperglveemia, hyperinsulinemia, fatty liver, non-alecholic steatohepatitis,
hypercholesterolenua, hypertension, hvperipoproteinemia, hyperlipidemia,
byvpertnglvicernidenua, ketoacidosts, hypoglveemia, thrombotic disorders, dyslipidemia, non-
alcoholic fatty hiver disease (NAFLD}, Nonalcoholic Steatohepatitis (NASH) or a related
disease. In some embodiments, the related disease is cardiovascular disease, atherosclerosis,
kiduoey discase, nephropathy, diabetic neuropathy, diabetic retinopathy, sexual dysfunction,
dermatopathy, dyspepsia, or edema. In some embodiments, the methods and pharmaceutical
compositions described herein relate to the treatment of Nonalcoholic Fatty Liver Disease
{NAFLD) and Nonalcoholic Steatchepatitis (NASH}.

{313] The methods described hercin can be used to treat any subjeet 1n need
thereof. As used herein, a “subject in need thereof” includes any subject that has a metabolic
discase or disorder, as well as any subject with an increased likelihood of acquiring asuch a
disease or disorder.

{314} The pharmaceutical compositions described herein can be used, for example,
for preventing or treating {reducing, partially or completely, the adverse effects of) a
metabolic discase, such as type I diabetes, impaired glucose tolerance, mmsulin resistance,
cbesity, hyperglyeenua, hyperinsulinernia, fatty liver, non-alcobolic steatohepatitis,
hypercholesterolemia, hvpertension, hyperlipoproteinemia, hyperlipidemia,
hyvpertrighylceridemia, ketoacidosis, hypoglycemia, thrombotic disorders, dyvslipidemia, non-
alcoholic fatty biver discase (NAFLD), Nonaleoholic Steatohepatitis (NASH), or a related

disease. In some embodiments, the related disease 1s cardiovascular disease, atherosclerosis,
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kidney disease, nephropathy, diabetic neuropathy, diabetic retinopathy, sexual dysfunction,

dermatopathy, dyspepsia, or edema.

Imoung disorders

{315} In some embodiments, the methods and pharmaceutical compositions
described herein relate to the treatment or prevention of a disease or disorder associated a
pathological immune response, such as an autoimmune disease, an allergic reaction and/or
an nflarmmatory disease. In some embodiments, the disease or disorder 15 an inflarnmatory
bowel disease {e.g., Crohn’s disease or ulcerative colitis}. In some embodiments, the discase
or disorder is psoriasis. In some embodiments, the disease or disorder is atopic dermatitis.
316} The methods described herein can be used to treat any subject in need
thereof. As used herein, a “subject in need thereof” includes anv subject that has a disease or
disorder assoctated with a pathological immune response {¢.g., an inflammatory bowel
discase), as well as any subject with an increased likelthood of acquiring a such a discase or
disorder.

{317} The pharmaceutical compositions described herein can be used, for example,
as a pharmaceutical composition for preventing or treating {reducing, partially or
completely, the adverse ctfects of) an antormmune disease, such as chronic inflamematory
bowel disease, systenuc lupus ervthematosus, psoriasis, muckle-wells syndrome, rheumatoid
arthritis, multiple sclerosis, or Hashimoto's disease; an allergic disease, such as a food
aflergy, polienosis, or asthima; an mfectious disease, such as an infection with Clostridium
difficile; an mflaomatory discase such as a TNF-mediated wflammatory disease {e.g., an
mnflammatory disease of the gastrointestinal tract, such as pouchitis, a cardiovascular
inflammatory condition, such as atherosclerosis, or an inflammatory bung discase, such as
chronic obstructive pulmonary diseasc); a pharmaceutical composition for suppressing
rejection in organ transplantation or other situations in which tissue rejection might oceur; a
supplement, food, or beverage for improving immune functions; or a reagent for suppressing
the proliferation or function of inumnune cells.

{318} In some embodiments, the methods provided herein are useful for the
treatment of inflammation. In certain embodiments, the inflammation of any tissue and
organs of the body, including musculoskeletal inflanmumation, vascular inflammation, neural
inflammation, digestive systenm inflamumation, ocular inflammation, inflammation of the

reproductive svstern, and other inflammation, as discussed below.
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{319] Imnume disorders of the musculoskeletal system include, but are not limited,
to those conditions affecting skeletal joints, including joints of the hand, wrist, elbow,
shoulder, jaw, spine, neck, hip, knew, ankle, and foot, and conditions affecting tissues
connecting muscles to bones such as tendons. Examples of such inunune disorders, which
may be treated with the methods and compositions described herein include, but are not
limited to, arthritis {including, for example, osteoarthritis, rheumatoid arthritis, psoriatic
arthritis, ankvlosing spondylitis, acute and chronic infectious arthritis, arthritis associated
with gout and pseudogout, and juvenile idiopathic arthrifis), tendonitis, synovitis,
tenosynovitis, bursitis, fibrositis (fibromyalgia), epicondylitis, myositis, and osteitis
(including, for cxample, Paget's discase, osteitis pubis, and osteitis fibrosa cystic).

{324 Ocular tmowne disorders refers to a immune disorder that affects any
structure of the eye, including the eve lids. Examples of ocular immune disorders which may
be treated with the methods and compositions described herern include, but are not limited
to, blephantis, blepharochalasis, conjunctivitis, dacryoadenitis, keratitis, keratoconjunctivitis
sicca {dry eve), scleritis, trichiasis, and uveitis

{321} Examples of nervous system immaune disorders which may be treated with the
methods and compositions described herein include. but are not himited to, encephalitis,
Guillain-Barre syndrome, mcningitis, neuronyotonia, narcolepsy, nwltiple sclerosis,
myvelitis and schizophrenia. Examples of inflammation of the vasculature or lvmphatic
system which may be treated with the methods and compositions described herein include,
but are not himited to, arthrosclerosis, arthritis, phichitis, vasculitis, and Iymphangitis.

{322} Examples of digestive system tnowmne disorders which may be treated with
the methods and pharmaceutical composttions described herein include, but are not limited
to, cholangitis, cholecystitis, cnteritis, enterocolitis, gastritis, gastroenteritis, inflammmatory
bowel disease, tleitis, and proctitis. Tnflanvnatory bowel diseases mchude, for exaraple,
certain art~recogmzed forms of a group of related conditions. Several major forms of
inflammatory bowel diseases are known, with Crohn's disease (regional bowel disease, e.g.,
mactive and active forms) and ulcerative colitis {¢.g., mactive and active forms) the most
common of these disorders. In addition, the inflaramatory bowel discase encompasses
irritable bowel syndrome, microscopic colitis, lymphocytic-plasmocytic enteritis, coeliac
disease, collagenous colitis, lymphocytic colitis and cosinophilic enterocolitis. Other fess
conunon forms of IBD include indeterminate colitis, pseudomembranous colitis {necrotizing

colitis), ischemic nflammatory bowel discase, Behceet's discase, sarcoidosis, scleroderma,

X
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IBD-associated dysplasia, dysplasia associated masses or lesions, and primary sclerosing
cholangitis.

1323} Examples of reproductive system tmmune disorders which may be treated
with the methods and pharmaceutical compositions described herein include, but are not
hinuted to, cervieitis, chorioammniomtis, endometritis, epididyimitis, omphalitis, oophoritis,
orchitis, salpingitis, tubo-ovarian abscess, urethritis, vaginitis, valvitis, and vulvodynia.
{324} The methods and pbarmaceutical compositions described hercin may be used
to treat autoimmune conditions having an inflammatory component. Such conditions
include, but are not limited to, acute disseminated alopecia universalise, Beheet's disease,
Chagas’ disease, chronic fatigue syndrome, dysavtonomia, encephalomyelitis, ankylosing
spondylitis, aplastic anemia, hidradenitis suppurativa. autouamune hepatitis, autotmnmune
cophoritis, celiac disease, Crohn's discase, diabetes mellitus type 1, giant cell artertiis,
goodpasture's syndrome, Grave's disease, Guillamm-Barre syndrome, Hashimoto's disease,
Henoch-Schonlem purpura, Kawasaki's disease, lupus erythematosus, microscopic colitis,
microscopic polyarterttis, suixed connective tissue disease, Muckle-Wells svadrome,
multiple sclerosis, myasthenia gravis, opsoclonus mvoclonas syndrome, optic neuritis, ord's
thyroiditis, pemphigus, polyarteritis nodosa, polymyalgia, rheumatoid arthritis, Reiter's
syndrome, Sjogren's syndrome, temporal arteritis, Wegenor's granulonmatosis, warms
autoimmaune haemolviic anemia, interstitial cystitis, Lvme disease, morphea, psoriasis,
sarcoidosis, scleroderma, vleerative colitis, and vitiligo.

{325} The methods and pharmaceutical compositions described herein may be used
to treat T-coll wediated bypersensitivity discases baving an inflaromatory compounent. Such
conditions include, but are not Himited to, contact hypersensitivity, contact dermatitis
(including that duc to poison ivy}, uticaria, skin allergics, respiratory allergies (hay fover,
allergic rhinitis, house dustmite allergy) and gluten-sensitive enteropathy {(Celiac disease).
{326} Other inunune disorders which may be treated with the methods and
pharmaceutical compositions include, for example, appendicitis, dermatitis,
dermatomyositis, cndocarditis, fibrositis, gingivitis, glossitis, hepatitis, hidradenitis
suppurativa, iritis, larvogitis, mastitis, myocarditis, nephritis, otitis, pancreatitis, parotitis,
percarditis, perifonottis, pharyvngitis, pleuritis, preumonitis, prostatistis, pyclonephritis, and
stomatisi, transplant rejection (involving organs such as kiduey, liver, heart, fung, pancreas
{c.g., islet cells), bone marrow, cornea, small bowel, skin allografts, skin homografts, and

heart valve xengrafls, sewrum sickness, and graft vs host disease), acute pancreatitis, chronic
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pancreatitis, acute respiratory distress syndrome, Sexary's syndrome, congenital adrenal
hvperplasis, nonsuppurative thyroiditis, hvpercalcemia associated with cancer, pemphigus,
bullous dermatitis herpetiformis, severe ervthema muliiforme, exfoliative dermatitis,
seborrheic dermatitis, seasonal or perennial allergic thinitis, bronchial asthma, contact
dermatitis, atopic dermatitis, drug hypersensistivity reactions, allergic conjunctivitis,
keratitis, herpes zoster ophthalmicus, iritis and oiridocyclitis, chorioretinitis, optic neuritis,
symptomatic sarcoidosis, fulnunating or disseminated pulmonary tuberculosis
chemotherapy, idiopathic thrombocviopenic purpura in adults, secondary thrombocytopenia
i adults, acquired {avtoimmune) haemolytic anemia, leukasmia and lyvmphomas in adults,
acuie leukaenua of childhood, regional enicritis, autoinunune vasculitis, multiple sclerosis,
chronic obstructive pulmonary disease, solid organ transplant rejection, sepsis. Preferred
treatments mnclude treatment of transplant rejection, rheumatoid arthritis, psonatic arthritis,
multiple sclerosis, Type 1 diabetes, asthma, mflammatory bowel disease, systemic hupus
crythematosus, psoriasis, chronic obstructive pulmonary discase, and inflanunation

accompanying infectious conditions {¢.g., sepsis}).

337 I some embodiments, the methods and pharmaceutical compositions
described herein relate to the treatment of cancer. In some embodiments, any cancer can be
treated using the methods described herein. Examples of cancers that may treated by
methods and pharmaceutical compaositions described herein include, but are not limited to,
cancer cells from the bladder, blood, boue, bone mamrow, brain, breast, colon, esophagus,
gastromntestine, gum, head, kidney, biver, lung, nasopharynx, neck, ovary, prostate, skin,
stomach, testis, tongue, or utcrus. In addition, the cancer may specifically be of the
following hustological type, though it is not limited to these: neoplasm, malignant;
carcinoma; carcinoma, undifferentiated; giant and spindle cell carcinoma; small cell
carcinoma; papiilary carcinoma; squamous cell carcinoma: lymphoepithelial carcinoma;
basal cell carcinoma; pilomatrix carcinoma; transitional cell carcinoma; papillary transitional
cell carcinoma; adenocarcinoma; gastrmoma, malignant; cholangiocarcinoma; hepatocclular
carcinoma; combined bepatocellular carcinoma and cholangiocarcinoma; trabecular
adenocarcinoma; adenoid cystic carcinoma; adenocarcinoma i adenomatous polyp;
adenocarcinoma, familial polyposis coli; solid carcinoma, carcinoid tumor, malignant;

branchiolo-alveolar adenocarcinoma; papillary adenocarcioma; chromophobe carcinoma;
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acdophil carcinoma; oxyphilic adenocarcinoma; basophil carcinoma; clear cell
adenocarcinoma; granalar cell carcinoma; follicalar adenocarcinoma; papillary and follicular
adenocarcinoma; nonencapsulating sclerosing carcinoma; adrenal cortical carcinoma;
endometroid carcinoma; skin appendage carcinoma; apocring adenocarcinoma; sebhaceous
adenocarcinoma; ceruminous adenocarcinoma; mucoepidermoid carcinoma;
cystadenocarcinoma; papillary cystadenocarcinoma; papitiary serous cystadenocarcinoma;
mucinous cystadenocarcinoma; rmoucinous adenocarcinoma; signet ring cell carcinoma;
mfiltrating duct carcinoma; medullary carcinoma; lobular carcmoma; inflammatory
carcinoma; paget's disease, mammary; acinar cell carcinoma; adenosquamous carcinoma,
enocarcinoma w/squamous metaplasia; thvmoma, malignant; ovarian stromal tumor,
malignant; thecoma, malignant; granulosa cell turmor, malignant; and roblastora, malignant;
sertoli cell carcinoma; levdig cell tumor, malignant; hipid cell tumor, malignant;
paraganghoma, malignant; extra-manimary paraganglioma, malignant; pheochromocytoma;
glomangiosarcoma; malignant melanoma; amelanotic melanoma; superficial spreading
melanoma; malig melanoma in giant pigmented nevus; epithelioind cell melanoma; blue
nevus, malignant; sarcoma; fibrosarcoma, fibrous histiocytoma, malignant; myxosarcoma;
liposarcoma; letomyosarcoma; rhabdomyosarcoma; embryonal thabdomyosarcoma; alveolar
rhabdomyosarcoma; stromal sarcorna; raixed tumor, malignaot; raullerian muxed tumor;
nephroblastoma; hepatoblastoma; carcinosarcoma; mesenchymoma, malignant; brenner
tumor, malignant; phyllodes tumor, malignant; synovial sarcoma; mesothelioma, malignant;
dysgerminoma; embryonal carcinoma; teratoma, malignant; struma ovarii, malignant;
choriocarcinoma; mesonephroma, malignant; hemangiosarcoma; hemangiocndotheliomna,
malignant; kapost’s sarcoma; hemangiopericytoma, malignant; lymphangicsarcoma;
osteosarcoma; juxtacortical osteosarcoma, chondrosarcoma; chondroblastoma, malignant;
mesenchymal chondrosarcoma; giant cell tumor of bone; ewing's sarcoma; odontogenic
tumor, malignant; ameloblastic odontosarcoma; ameloblastoma, malignant; ameloblastie
fibrosarcoma; pinealoma, mahgnant; chordoma; ghioma, malignant; ependymoma;
astrocytoma; protoplasmic astrocytoma; fibritlary astrocytoma; astroblastoma; glichlastoraa;
cligodendroghioma; oligodendroblastoma; primitive neuroectodermal; corebellar sarcoma;
ganglioneuroblastoma; neurcblastoma; retinoblastoma; olfactory neurogenic tumor;
meningioma, malignant; neurofibrosarcoma; nourilenunoma, malignant; gramular cell tumor,
malignant; malignant lymphoma; Hodgkin's discase; Hodglkin's lymphoma; paragranuloma;

malignant tymphoma, small lymphoceyvtic; malignant lvmphoma, large celi, diffuse;
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malignant lymphoma, follicular; mycosis fungoides; other specified non-Hodgkin's
tymphomas; malignant histiocytosis; multiple myeloma; nast cell sarcoma,
immunoproliferative small intestinal disease; leukemia; lymphoid leukenua: plasma cell
leukemia; eryvthroleukemia; lymphosarcoma cell leukemia; mycloid leukemia; basophilic
leukemia; cosinophulic leukemia; monocyiic leukemia; mast cell leukemua;
megakaryoblastic leukemia; niyeloid sarcoma; and hairy celf leukemia.

{328} In some embodiments, the methods and pharmaceutical compositions
provided herein relate to the treatment of a leukemia. The term "leukemia” mcludes broadly
progresstve, malignant diseases of the hematopoietic organs/systems and is generally
characterized by a distorted proliferation and development of leukocytes and their precursors
in the blood and bone marrow. Non-limiting examples of leukenua disecases include, acute
noniymphocytic leukema, chrome lvmphocytic leukemia, acute granulocytic levkemia,
chronic granulocytic leukemia, acute promyelocvtic leukemia, adult T-cell loukemia,
aleukemic leukemia, a leukocythemic leukemia, basophilic leukemia, blast cell leukenia,
bovine leukemia, chronic myelocytic leukenua, leukemia cutis, embryonal leukemia,
gosinophilic leukemia, Gross' levkenmua, Rieder cell leukenua, Schilling's leukemia, stem cell
leukenua, subleukenuc leukenia, undifferentiated cell leukemia, hairy-cell leukemia,
hemoblastic leukemia, hemocvyioblastic leukemia, histiocviic leukenua, stem coll leukemia,
acute monocyic leakenua, leukopenic leukemia, lymphatic leukemia, Iymphoblastic
leukemia, lvmphoeytic leakemia, lvmphogenous leekemia, lvimphoid leskemia,
tymphosarcoma cell leukemia, mast cell leukemia, megakaryocytic levkemia,
micromayeloblastic leukemia, monocyiic leukenua, myeloblastic leukemia, myeloeytic
leukemia, myeloid gramidocytic levkemia, myelomonocytic leukemia, Nacgeli leukemia,
plasma cell levkemia, plasmacytic leukenua, and promyelocytic leukenua.

13291 In some embodiments, the methods and pharmaceutical compositions
provided herem relate to the treatment of a carcinoma. The term "carcinoma” refers to a
malignant growth made up of epithelial cells tending to infiltrate the surrounding tissues,
and/or resist physiclogical and non-physiological cell death signals and gives rise to
metastases. Non-limiting exemplary types of carcinomas include, acinar carcinoma, acinous
carcinoma, adenocystic carcinoma, adenoid cystic carcinoma, carcinoma adenomatosum,
carcinoma of adrenal cortex, alveolar carcinoma, alveolar cell carcinoma, basal cell
carcinoma, carcinoma basocellulare, basaloid carcinoma, basosquamous ccli carcinoma,

bronchigalveolar carcinoma, bronchiolar carcinoma, bronchogenic carcinoma, cerebriform
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carcinoma, cholangioceltular carcinoma, choriomc carcinoma, colloid carcinoma, comedo
carcinoma, corpus carcinoma, cribriform carcinoma, Carcinoma en Cuirasse, carcinoma
cutanewm, cylindrical carcinoma, cylindrical cell carcinoma, duct carcinoma, carcinoma
durum, cmbryonal carcinoma, encephalowd carcinoma, epiennoid carcinoma, carcinoma
epttheliale adenoides, exophviic carcinoma, carcinoma ex ulcere, carcinoma fibrosum,
gelatmiform carcinoma, gelatinous carcinoma, giant cell carcinoma, signet-ring cell
carcinoma, carcinoma simples, small-cell carcinoma, solanoid carcinoma, spheroidal cell
carcinoma, spindle cell carcinoma, carcinoma spongiosumm, SqUamous carcinoma, squamous
cell carcinoma, string carcinoma, carcinoma telangiectaticum, carcinoma telangiectodes,
transitional cell carcinoma, carcinoma tuberosum, tuberous carcinoma, verrucous carcinoma,
carcinoma villosur, carcinoma gigantocellulare, glandular carcinoma, granulosa cell
carcinoma, hair-matrix carcinoma, hematoid carcinoma, hepatocellular carcinoma, Hurthle
cell carcinoma, hyaline carcinoma, hypernephroid carcinoma, infantiie embryonal
carcinoma, Carcinoma in situ, infracpidermal carcinoma, intracpithelial carcinoma,
Krompecher's carcinoma, Kulchitzky-cell carcinoma, large-cell carcinoma, lenticular
carcinoma, carcinoma lenticolare, lipomatous carcinoma, lvmphoepithelial carcinoma,
carcinoma medullare, medullary carcinoma, melanotic carcinoma, carcinoma molle,
THUCIIOUS carcinoma, carcinoma muciparam, carcinoma mucocchulare, mucoepidermoid
CarcinoIng, Carcinema Mucoswm, MUCOUs carcinoma, carcinoma myxomatodes,
naspharyngeal carcinoma, cat cell carcinoma, carcinoma osstficans, osteoid carcinoma,
papillary carcinoma, periportal carcinoma, pretnvasive carcinoma, prickle coll carcinoma,
pultaceous carcivoma, renal cell carcinoma of kidney, reserve cell carcinoma, carctnoma
sarcomatodes, schneiderian carcinoma, scirthous carcinoma, and carcinoma scroti.

13304 In some embodiments, the methods and pharmaceutical compositions
provided herein relate to the treatment of a sarcoma. The term "sarcoma” generally refers to
a tumor which 1s made up of a substance like the embryonic connective tissue and is
generally composed of closely packed cells embedded in a fibrillar, heterogeneous, or
homogeneous substance. Sarcomas mehade, but are not imited to, chondrosarcoma,
fibrosarcoma, lymphosarcoma, maelanosarcoma, myxosarcoma, osteosarcoma, endometrial
sarcoma, stromal sarcoma, Ewing' s sarcoma, fascial sarcoma, fibroblastic sarcoma, giant
cell sarcoma, Abemethy's sarcoma, adipose sarcoma, liposarcoma, alveolar soft part
sarcoma, ameloblastic sarcoma, botrvoid sarcoma, chloroma sarcoma, chorio carcinoma,

embryonal sarcoma, Wilms' tamor sarcoma, granulocviic sarcoma, Hodgkin's sarcoma,
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wdiopathic multiple pigmented hemorrhagic sarcoma, immunoblastic sarcoma of B cells,
lymphoma, immunoblastic sarcoma of T-cells, Jensen's sarcoma, Kaposi's sarcoma, Kupffer
cell sarcoma, angiosarcoma, leukosarcoma, malignant mesenchymoma sarcoma, parosteal
sarcoma, reticulocytic sarcoma, Rous sarcoma, serocystic sarcoma, synovial sarcoma, and
telangiectaltic sarcoma.

{331} Additional exemplary neoplasias that can be treated using the methods and
pharmaceutical compositions described herein include Hodgkin's Disease, Non-Hodgkin's
Lymphoma, multiple myeloma, neuroblastoma, breast cancer, ovarian cancer, hung cancer,
rhabdomyosarcoma, primary thrombocytosts, primary macroglobulinemia, small-cell ung
temors, primary brain tumors, stomach cancer, colon cancer, malignant pancreatic
insulanoma, malignant carcinoid, premalignant skin lesions, testicular cancer, lymphomas,
thyroid cancer, neuroblastoma, esophageal cancer, genitourinary tract cancer, malignant
hypercalcemia, cervical cancer, endometrial cancer, plasmacytoma, colorectal cancer, rectal
cancer, and adrenal cortical cancer.

{332} In some embodiments, the cancer treated is a melanoma. The term
"melanoma” 1s taken to mean a tunor arising from the melanocytic system of the skin and
other organs. Non-limiting examples of melanomas are Harding-Passey melanoma, javenile
melanoma, lentigo maligna melanoma, malignant meelanoma, acral-lentiginous melanoma,
amelanotic melanoma, benign juvenile melanoma, Cloudman's melanoma, §91 melanoma,
nodular melanoma subungal melanoma, and saperficial spreadmg melanoma.

{333} I some embodiments, the cancer comprises breast cancer {e.g., triple
negative breast cancer}.

{1334} In some embodiments, the cancer compnses colorectal cancer {e.g.,
microsatellite stable {MSS) colorectal cancer).

1335} In some embodiments, the cancer coraprises renal cell carcinoma.

{336} In some embodiments, the cancer corprises lung cancer (e.g., non smal cell

hing cancer).

337 Inn some embodiments, the cancer comprises bladder cancer.

[338] In some embodiments, the cancer comprises gastroesophageal cancer,
{339} In some embodiments, the cancer comprises a solid tumor.

{340} Particular categories of tamors that can be treated using methods and

pharmaceutical compositions described herein include tymphoproliferative disorders, breast

cancer, ovarian cancer, prostate cancer, cervical cancer, endometrial cancer, bone cancer,
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liver cancer, stomach cancer, colon cancer, pancreatic cancer, cancer of the thyroid, head
and neck cancer, cancer of the central nervous system, cancer of the peripheral nervoas
system, skin cancer, kidney cancer, as well as metastases of all the above. Particular types of
wmors include bepatocellular carcinoma, hepatoma, hepatoblastoma, rhabdomyosarcoma,
esophageal carcinoma, thyroid carcinoma, ganglioblastoma, fibrosarcoma, myxosarcoma,
liposarcoma, chondrosarcoma, osteogenic sarcoma, chordoma, angiosarcoma,
endothelinsarcoma, Ewing's tumor, leimyosarcoma, rhabdotheliosarcoma, invasive ductal
carcinoma, papillary adenocarcinoma, melanoma, pulmonary squamous cell carcinoma,
basal cell carcinoma, adenocarcinoma {well differentiated, moderately differentiated, poorly
differentiated or undifferentiated), bronchioloalveolar carcinoma, renal cell carcinoma,
hyvpemephroma, hypemephroid adenocarcinoma, bile duct carcinoma, chortocarcinoma,
serninoma, embryonal carcinoma, Wilms' tumor, testicular tamor, hing carcinoma ncluding
small cell, non-small and large cell fung carcinoma, bladder carcinoma, ghoma, astrocvoma,
medulloblastoma, craniopharyngioma, ependymoma, pmealoma, retinoblastoma,
veuroblastoma, colon carcinoma, rectal carcinoma, hematopoictic malignancies mcluding all
types of leukemia and lymphoma mchiding: acute myelogenous leukemia, acote myelocytic
leukenua, acute lvmaphocytic leukemia, chronic myelogenous leukemia, chronic lymphocytic
leukenua, mast cell leukemia, multiple mveloma, myycloid lymaphoma, Hodgkin' s
Iymphoma, non-Hodgkin' s lvmphoma, plasmacytoma, colorectal cancer, and rectal cancer.
{341} Cancers freated in certain embodiments also mnehude precancerous lesions,
¢.g., actinic keratosis {solar keratosis), moles {dysplastic nevi), acitinic chelitis (farmer's lip),
cutancous horus, Barreit's csophagus, atrophic gastritis, dyskeratosis congenita, sideropenic
dvsphagia, lichen planus, oral submucous fibrosis, actinic (solar} elastosis and cervical
dysplasia.

342} Cancers treated in some embodiments include non-cancerous or benign
tumors, ¢.g., of endodermal, ectodermal or mesenchymal ongin, including, but not imited to
cholangioma, colonic polyp, adenoma, papilloma, cystadenoma, liver cell adenoma,
hydatidiform mole, renal tubular adenoma, squamous cell papilloma, gastric polyp,
hemangioma, osteoma, chondroma, lipoma, fibroma, lymphangioma, leiomyoma,

rhabdomyoma, astrocytoma, nevus, meningioma, and ganglioneuroma.
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Dysbiosis

{343} In recent vears, it has become increasingly clear that the gut microbiome {(also
called the “gut microbiota”) can have a significant impact on an mdividual’s health through
microbial activity and mfluence (local and/or distal} on imumune and other cells of the host
{(Walker, W A, Dvsbiosis. The Microbiota in Gastromtestinal Pathophysiology. Chapter 25,
2017; Weiss and Thierry, Mechanisms and consequences of intestinal dysbiosis. Cellulor
and Molecular Life Sciences. (2017} 74(16):2959-2977. Zurich Open Repository and
Archive}.

{344] A healthy host-gut microbiome homeostasis is sometimes referred to as a
“cubiosis” or “normobiosis,” whereas a detrimental change in the host microbiome
composition and/or its diversity can lead to an unhealthy imbalance in the mucrobiome, ora
“dvsbiosis” (Hooks and O’ Malley. Dysbiosis and s discontents. 4merican Society for
Microbiology. Oct 2017. Vol. 8. Issue 3. mBio 8:¢01492-17). Dysbiosis, and associated local
or distal bost mflammatory or tmmune effects, may occur where microbiome homeostasis is
lost or dimunushed, resulting 1 ncreased susceptibility to pathogens; altered host bactenial
metabolic activity; induction of host promflammatory activity and/or reduction of host anti-
inflammatory activity. Such effects are mediated in part by interactions between host
mmune cells {e.g, T cells, dendritic cells, mast cells, NK cells, mtestinal epithelial
Iymphocvies (JEC), macrophages and phagocvies) and cvickines, and other substances
released by such cells and other host celis.

{345} A dysbiosis may occur within the gastrointestinal tract {a “gastroirdestinal
dysbiosis” or “gut dysbiosis”} or may occur outside the lumsen of the gastromtestinal tract (a
“distal dysbiosis™). Gastromtestinal dysbiosis is often assoctated with a reduction in
integrity of the intestinal epithelial barrier, reduced tight junction integrity and increased
intestinal permeability. Citi, 8. Intestinal Barriers protect against disease, Science 3591098~
89 (2018); Snnivasan ¢t al., TEER measurement techniques for i vitro barrier model
systems. J. Lab. Autom. 20:107-126 (2015). A gastrointestinal dysbigsis can have
physiological and mmmunc effects within and outside the gastrointestinal tract.

[346] The presence of a dysbiosis has been associated with a wide variety of
diseases and conditions including: infection, cancer, astoimmune disorders {¢.g., systemic
fepus erythematosus (SLE}} or mflammatory disorders (c.g., functional gastrointestinal
disorders such as inflammatory bowel discase (IBD), ulcerative colitis, and Crohn's

disease), neuromnflammatory diseases {e.g., multiple sclerosis), transplant disorders (e g.,
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graft-versus-host disease), fatty hver disease, type 1 diabetes, theumatoid arthritis, Sjogren’s
syndrome, celiac disease, cystic fibrosis, chronie ohstractive pulmonary disorder (COPDY),
and other disecases and conditions associated with immune dysfonction. Lynch et al, The
Human Microbiome in Health and Disease, N. Engl J Aed 375:2369-79 (2016}, Carding et
al., Dvsbiosis of the gut microbiota in disease. Microb. Fcol Health Dis. {2015, 26: 10
3402/mehd v26.2619; Levy et al, Dysbiosis and the Immune System, Nafure Reviews
Immunology V7239 (Apnil 2017).

{347] Exemplary pharmaceutical composttions disclosed herein can treat a
dvshbiosis and its effects by modifving the immune activity present at the site of dyshiosis,
As described herein, such compositions can modity a dysbiosis via effects on host immune
cells, resulting 1o, e.g., an increase 1 secretion of anti~inflanmmatory cvickines and/ora
decrease in secretion of pro-inflanmumatory cytokines, reducing mflammation 1 the subject
recipient or via changes in metabolite production.

{348] Exemplary pharmaceutical compositions disclosed herein that are useful for
treatment of disorders associated with a dvsbiosis contain one or more types of
wmmonomodulatory bactenia {(e.g., anti-inflammatory bacteria), mEVs {(microbial
extraceliular vesicles; such as smEVs and/or pmEVs) dertved from such bacteria, or any
combination thercof. Such compostiions are capable of affecting the recipient host’s
immune function, in the gastrointestinal tract, and/or a systenuc effect at distal sites outside
the subject’s gastrointestinal tract.

{349} Exemplary pharmaceutical compositions disclosed herein that are aseful for
treatment of disorders associated with a dysbiosis contain a population of Harryfiinria
acetispora bacteria of a single bacterial species {¢.g., a single strain) {¢.g., anti-inflammatory
bacteria) mEVs (such as smEVs and/or pmuEVs) derived trom such bacteria, or any
combination thereof. Such compositions are capable of affecting the recipient host’s
immume function, in the gastromntestinal tract, and /or a svstemic effect at distal sites outside
the subject’s gastrointestinal tract.

{350] Inn some embodiments, pharmaccutical compositions containing an isolated
population of Harryflintia acetispora bactenia {¢.g., anti-inflammatory bactenial cells), mEVs
(such as smEVs and/or pmEVs) derived from such bacteria, or any combination thercof, are
adounistered {e.g., orally} to a mammalian recipient in an amount cffective to treat a
dyshiosis and one or more of its effects in the recipiont. The dvsbiosis may be a

gastrointestinal tract dysbiosis or a distal dvsbiosis.
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{351] In another embodiment, pharmaceutical compositions of the instant mvention
can treat a gastrointestinal dysbiosis and one or more of its effects on host immune cells,
resulting i an increase in secretion of anti-inflanunatory cytokines and/or a decrease in
secretion of pro-inflammatory cvtokines, reducing mflammation in the subject recipient.
{352} In ancther embodiment, the pharmaceutical compositions can treat g
gastrointestinal dysbiosis and one or more of its effects by modulating the recipient immune
response via cellular and cyvtokine modulation to reduce gut permeability by mereasing the
mtegrity of the mtestinal epithelial barrier.

{353} In another embodiment, the pharmaceutical compositions can treat a distal
dyshiosis and one or more of its effects by modulating the recipient immune response at the
stie of dyvsbiosis via modulation of host tnmune cells.

{354] Other exemplary pharmaceutical compositions are useful for treatment of
disorders associated with a dysbiosis, which compositions contain one or more tvpes of
Harryflintia acetispora bacteria, mEVs (such as smEVs and/or pmEVs) derived from such
bacterta, or any combination thereof, capable of altering the relative proportions of host
wmmune cell subpopulations, ¢.g., subpopulations of T cells, wmmune lymphoid celis,
dendntic cells, NK cells and other immuune cells, or the function thereof, in the recipiont.
{355] Other exemplary pharmaceutical composttions are useful for treatment of
disorders associated with a dysbiosis, which compositions contain a population of
Harryfliniia acetispora bacteria, mEVs, or any combination thereof, of a single bacterial
species capable of altering the relative proportions of immune cell subpopulations, e, T
cell subpopulations, mmune lvophoid cells, NK cells and other invwune cells, ot the
function thereof, in the recipient subject.

1356} In some embodiments, the invention provides methods of treating a
gastrointestinal dysbiosis and one or more of its effects by orally admuustering to a subject
in need thereof a pharmaceutical composition described herein which alters the microbiome
population existing at the site of the dysbiosis. The pharmaceutical composition can contain
one or more types of Harryflintia acefispora bacteria, mEVs, or any combination thereof, or
a population of Harryflintia acetispora bacteria, mEVs, or any combination thereof, of a
single bacterial species {e.g., a single strain).

1357} In some embodiments, the invention provides methods of treating a distal
dyshiosis and one or more of its cffects by orally administering 1o a subject in need thercof a

pharmaceutical composition described herein which alters the subject’s immune response

102



WO 2021/252860 PCT/US2021/036956

outside the gastrointestinal tract. The pharmaceutical composition can contain one or more
types of Harryflintia acefispora bacteria, mEVs, or any combination thereof; or a population
of Harryflintia acefispora bacteria, mEVs, or any combination thereof, of a single bacterial
specics {€.g.. a single strain).

{358} In exemplary embodiments, pharmaceutical compositions useful for
treatment of disorders associated with a dysbiosis stimulate secretion of one or more anti-
mflammatory cytokines by host immune cells. Anti~mflammatory cytokiones include, but are
not Iimited to, TL-10, IL-13, IL-9, IL-4, IL-5, TGFR, and combinations thereof. In other
excrmplary embodiments, pharmaceatical compositions usefil for treatment of disorders
associated with a dysbiosis that decrease {e.g., inhibit} secretion of one or more pro-
inflammatory cytokines by host immune cells. Pro-inflanunatory cyvtokines include, but are
not limuted to, IFNy, IL-12p70, IL-1q, IL-6, IL-8, MCP1, MiIPlg, MIPIP, TNFu, and
combinations thereof. Other exemplary cvickines are known 1n the art and are described
herein.

[359] In another aspect, the invention provides a method of treating or preventing a
disorder associated with a dysbiosis in a sabject in need thereof, comprising adninistering
{e.g.. orally admunistering} to the subject a therapeutic composition in the form of a
probiotic or medical food comprising bacteria, mEVs, or any combination thereof, i an
amount sufficient to alter the microbiome at a site of the dysbiosis, such that the disorder
associated with the dysbiosis is treated.

{360] In another embodiment, a therapeutic composition of the instant invention in
the form of a probiotic or medical food may be used to prevent or delay the onsct of a

dvshiosis in a subject at risk for developing a dysbiosis.

Other Diseases and Disorders

3561} In some embodiments, the methods and pharmaceutical compositions
described herein relate to the treatment of liver diseases. Such diseases include, but are not
imaited to, Alagille Syndrome, Alcohol-Related Liver Discase, Alpha-1 Antiteypsin
Deficiency, Autoimmune Hepatitis, Benige Liver Tumors, Biliary Atresia, Curhosis,
Galactosera, Gilbert Syndrome, Hemochromatosis, Hepatitis A, Hepatitis B, Hepatitis C,
Hepatic Encephalopathy, Intrahepatic Cholestasis of Pregnancy (JCP), Lysosomal Acid

Lipase Deficiency (LAL-D), Liver Cysts, Liver Cancer, Newborn Jaundice, Primary Bilary
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Cholangitis (PBC), Primary Sclerosing Cholangitis {(PSC), Reve Syndrome, Type |
Glveogen Storage Discase, and Wilson Disease.

362} The methods and pharmaceutical compositions described herem may be used
10 treat neurodegenerative and neurological diseases. To certain embodiments, the
neurodegenerative and/or neurclogical disease 18 Parkinson’s discase, Alzheimer’s discase,
prion discase, Huntington's disease, motor neuron diseases {(MND), spinocercbellar ataxia,
spinal muscular atrophy, dvstonia, idiopathicintracranaal hypertension, epilepsy. nervous
system disease, central nervous system disease, movement disorders, multiple sclerosis,

encephalopathy, peripheral neuropathy or post-operative cognitive dysfunction.

Methods of Making Enhanced Bagicna

{363} In certain aspecis, provided herein are methods of making engineered bacteria
for the production of the mEVs {such as smEVs and/or pmEVs), bacteria for pharmaceutical
compositions, or any combination thereof, described herein. In some embodiments, the
enginecred bacteria are modified to enhance certain desirable properties. For exaniple, in
some embodiments, the engineered bacteria are modified to enhance the immunomodulatory
and/or therapeutic effect of the mEVs {such as smEVs and/or pmEVs), bacteria for
pharmaceutical compositions, or any combination thereof, {o.g., cither alone or in
combination with another therapeutic agent), o reduce toxicity and/or to improve bacterial
and/or mEV (such as smEV and/or pmEV) manufacturing (e.g., higher oxygen tolerance,
improved freeze-thaw tolerance, shorter gencration times}. The enginecred bacteria may be
produced using any fechnigue known in the art, meluding but vot hinuted to site-directed
mutagenesis, transposon mutagenesis, knock-outs, knock-ins, polymerase chain reaction
mutagenesis, chemical nutagenesis, ultraviolet light mutagenesis, transformation
{chemically or by electroporation), phage transduction, directed evolution, CRISPR/Cas?, or
any combination thercof

{364} in some embodiments of the methods provided herein, the bacterium is
modified by directed evolution. In some embodiments, the directed evolution comprises
exposure of the bacterium to an environmental condition and selection of bacterium with
wnproved survival and/or growth under the environmental condition. In some emboduments,
the method comprises a screen of mutagenized bacteria using an assay that wdentifies
cohanced bacterium. In some embodiments, the method further comprises mutagenizing the

bacteria {e.g., bv exposure fo chemical mutagens and/or UV radiation} or exposing them to a
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therapeutic agent {¢.g., antibiotic) followed by an assay to detect bacteria having the desired

phenotype (€.g., an i Vivo assay, an ex vive assay, Or an i vifro assay).

EXAMPLES

Example 1: Cultivation and storage conditions for Harryflintia acetispora

Anaerobic Trvptic Sov Broth (TSB) medium:

Composition (g/L):

1. Pancreatic Digest of Casein 170¢g
2. Peptic Digest of Sovbean Meal 30¢g
3. Dipotassium Phosphate K2HPO4 25¢g
4. Yeast Extract 3.0g
3. Dextrose 25g
6. Sodum Chlonde 50g
7. L-Cysteme-HCL 05g
8. Fell2 0.05¢g

Final pH 6.8 +/- 0.3 at 25 degrees .

Reducing agent 100x preparation:
a. Digsolve 5 g of L-Cysteine-HCl in 100 m} of H20
b. Add 05 gof Fell2

¢. Store solution under anacrobic conditions

Anacrobic Brucella blood agar plates. Anacrobe systems #AS-141.

Anaerobic slveerol {(GS8) as ervoprotectant, Anacrobe Svstems #AS-9045:

Composition {g/L};

b Glycerol 400 g

b

Magnestam Sulfate, Heptahvdrate 0.1 g

(98]

Potassium Phosphate, Monobasic 0.2 g

4. Potassium Chlorde 0.2 g

o

W

Sodium Phosphate, Dibasic 115 g
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6. Sodium Chionde 3.0g

7. Sodium Thioglycoliate 1.0 g

8. L-Cysteine (25.0% solution} 2.0 mL
Mix anaerobic glyeero! with bacterial suspension 1:1 by volume, snap-frecze and store at -
&0 °C; Incubation at 37°C for [-3 days; Anaerobic conditions: a) for agar plates in
Mitsubishi anaerobic jars with anaerobic gas pack: b) for hiquid culture in closed anacrobic

Hungate or Balch test tubes.

Example 2: Oral Delivery of Harrvfiintic acetispora smEVs Strain A in CT26 Tumor

Studies

Fust Representative Oncology Study

{365] Female 8 week old BALB/c mice were acquired from Taconic Biosciences and
allowed to acclimate at a vivartum for 3 weeks. On Day 0, mice were anesthetized with
isoflurane, and inoculated subcutaneously on the left flank with 1.0e5 CT-26 cells (0.1ml)
prepared 1 PBS and Corning (GFR) Phenol Red-Free Matrigel (1:1). Mice were allowed to rest
for 9 days post UT-26 woculation to allow formation of palpable tamors. On Bay 9, tamors were
measured using a sliding digital caliper to collect length and width 1o measuroments {in
millimeters}) to calculate estimated tumor volume (L x W x WY 2)=TVmm3)). Mice were
randomized into different treatment groups with a total of 9 or 10 mice per group.
Randomization was done to balance all treatment groups, allowing cach group to begin
treatment with a similar average tumor volume and standard deviation. Dosing began on Day 10,
and ended on Day 22 for 13 consecutive days of dosing. Mice were orally dosed BID with
Harrvflintia acetispora Strain A smEVs, or Q4D intraperitoneally with 200ug anti-mouse PD-1
antibody. Body weight and tumor measurements were collected on a MWF {(Monday-
Wednesday-Faday) schedule. Dose of smEVs was determined by particle count by NTA

{366} The Day 22 Tumor Volume Summary in Fig. 1 compares Harmfintia acetispora
{2¢11) smEV (growth media containing glucose) and Harryflintia acetispora (2e11y smEV
{growth media 2 containing NAG) against a negative control {Vehicle PBS), and positive control
{anti-PD-1). Both Harmyflinria acefispora treatment groups compared to Vehicle PBS showed
statistically significant efficacy and are not significantly difforent than anti-PD-~1. The Tumor
Volame Curves in Fig. 2 show similar growth trends for both Harryflinsia acetispora groups and

anti-PD-1, along with sustained cfficacy after 13 days of treatment.

106



WO 2021/252860 PCT/US2021/036956

Second representative Oncology Study

{367} Female 8 week old BALB/c mice were acquired from Taconic Biosciences and
allowed to acclimate at a vivarium for 1 week. On Day G, mice were anesthetized with
isoflurane, and inoculated subcutancously on the left flank with 1.0e5 CT-26 cells (0.1md)
prepared m PBS and Coming (GFR) Phenol Red-Free Matrigel (1:1). Mice were allowed to rest
for 9 days post CT-26 moculation to alfow formation of palpable timors. On Day 9, tumors were
measured using a shiding digital caliper to collect length and width m measurements {(in
mithimeters) to calculate estimated tamor volume (L x W xWY2)=TVmm3}). Mice were
randomized into different treatment groups with a total of 9 mice per group. Randomization was
done to balance all treatment groups, allowing each group to begin treatment with a sinular
average tumor volume and standand deviation. Dosing began on Day 10, and ended on Day 23
for 14 consecutive days of dosing. Mice were orally dosed BID with Harnyflintia acetispora
Strain A smEVs, or Q4D mntraperitoneally with 200ug anti-mouse PD-1 antibody. Body weight
and tumor measurements were collected on a MWF schedule. Dase of smEVs was determined
by particle count by NTA.

{368} The Day 23 Tumor Volume Summary in Fig, 3 compares Harryflindga acetispora
smEVY (Zell) against a negative control (Vehicle PBS), and positive control {anti-PD-1). The
Harryflinta acetispora smEV (2ell) treatment groups compared to Yelucle PBS shows
statistically significant efficacy compared to Vehicle {(PBS), and is not significantly different than
anti-PD-1. Although Harryflintia acelispora is not sigimifcantly different than anti-PD-1, the data
distribution is much tighter, and average tumor volume s smaller for Harryflintia acefispora
smEV. The Tumor Growth Curve in Fig. 4 shows sustained efficacy of Harryflintia acetispora

smEY treatment groups over 14 days of treatment sinular to anti-PDB-1.

Third Representative Oncology Study

{3569} Fernale 8 week old BALB/c mice were acquired from Taconic Biosciences and
allowed to acclimate af a vivarium for T week. On Day 0, mice were anesthetized with
isoflurane, and inoculated subcutancously on the left flank with 1.0e8 CT-26 cells (0.1mbL)
prepared 1 PBS and Corming (GFR) Phenol Red-Free Matrigel (1:1). Mice were allowed to rest
for 9 days post CT-26 moculation to allow formation of palpable tumors. On Bay 9, tumors were
measured using a shiding digital caliper to collect length and width 10 measureroents (in
millimeters) to calculate estimated tumor volume (L x W x WY 23 TVmm3}). Mice were

randomized into different treatment groups with a total of 9 mice per group. Randomization was
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done to balance all treatment groups, allowing each group to begin treatment with a similar
average tumor volume and standard deviation. Dosing began on Day 10, and ended on Day 21
for 12 consecutive days of dosing. Mice were orally dosed QD and BID respectively with
Harryflinta acetispora Strain A staBVs, or Q41 mtraperttoneally with 200ug anti-mouse PD-1
antibody. Body weight and tumor measurements were collected on a MWF schedule. Dose of
smEVs was determined by particle count by NTA.

{3764 The Day 21 Tumor Volume Sunvoary n Fig, 8 on the left, compares Harryflintia
acetispora smEVs at 3 doses (dell, 4e9, & 4e7), admunistered QD for 12 days against respective
negative control { Vehicle PBS} and positive control (anti-PD-1). The Tumor Volume Sommary
in Fig. 5 also compares Harryflintio acetispora smEVs at 2 doses (2e11 & 2¢7) admunistered
BID for a total daily dose of 4ell & 4e7 respectively against thetr corresponding negative
control (Vehicle PBS BID) and posttive control (anti-PD-1). The QD Harryflintia acetispora
smEVs treatment arms compared to Vehicle PBS show statistically significant efficacy across alt
(3} doses, without an evident dose effect. The BID Harnyflinsia acefispora saEVs treatment
arms comapared to Vehicle PBS BID show sigoificant efficacy, also vo evidence of a dose effect.
This result indicates both doses BID 2ell & 2¢7 are comparable dosed BID and 3D, The Tumor

Growth Curve in Fig. 6 shows a sustained efficacy after 12 days of dosing similar to anti-PD-1

Example 3: Oral Deliverv of Harrvfiintia acetispora Strain A Whole Bacterium in CT26

Temor Studies

{371} Female 8 week old BALB/c mice were acquired from Taconic Biosciences
and allowed to acclimate at a vivarium for 1 week. On Day 0. mice were anesthetized with
isoflurane, and moculated subcutancously on the left flank with 1.0e5 CT-26 cells (0. 1mL)
prepared in PBS and Cornmg (GFR) Phenol Red-Free Matrige! (1.1}, Mice were allowed to
rest for 9 days post CT-26 inoculation to allow formation of palpable tumors. On Day 9,
tumors were measured using a sliding digital caliper to collect kength and width in
measurements (in millimeters) to calculate estimated tamor volume (L xWx

WY 2=TVmm3)). Mice were randomized into different treatment groups with a fotal of {10)
mice per group. Randomization was done to balance all treatment groups, allowing each
group to begin treatment with a similar average tumor volume and standard deviation.
Dosing began on Day 16, and ended on Day 24 for 14 consecutive days of dosing. Mice

were orally dosed QD and BID respectively with Harryflintia acetispora Strain A microbes,
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or Q4D intraperitoneally with 200ug anti-mouse PD-1 antibody. Body weight and tumor
measurements were collected on a Monday-Wednesday-Friday (MWF) schedule.

13723 The Day 24 Tumor Volume Summary in Fig. 7 and the Tumor Growth Curve
in Fig. 8 compare the Harryflinfia acetispora Strain A maicrobes dosed at (el ! celis),
administered BID for 14 days, agamst respective negative control (Vehicle PBS) and
positive control {anti-PD-1}. The Harmyflintia acetispora treatment arm compared to the
Vehicle PBS BID showed sinular tumor growth at Day 24. The positive control anti-PD1
treatrnent arm compared to the Vehicle PBS BID also showed similar tumor growth.

Example 4: Oral Delievervy of Harryflintia scetisporg Strain A smEVs in 2 Mouse Model

of Delaved-Type Hypersensiivity (BTH)

373} Delayed-type hypersensitivity (DTH) 1s an animal model of atopic dermatitis
{or allergic contact dermatitis), as reviewed by Petersen et al. (In vivo pharmacological
disease maodels for psoriasis and atopic dermatitis in drmg discovery. Basic & Clinical Pharm
& Toxicology. 2006, 99(2) 104-115; sce also Irving C. Allen {ed.) Mouse Models of Invate
Immunity: Methods and Protocols, Methods in Molecular Biology, 2013, vol. 1031, DO
10.1007/978-1-62703-481-4 13). Several variations of the DTH model have been used and
arc well known 1n the art (frving C. Allen {ed.}. Mouse Models of nnate fovnunity:
Methods and Protocols, Methods in Molecular Biology. Vol 1031, DOT 10.1007/978-1-
62703-481-4_ 13, Springer Science + Business Media, LLL 2013}

KLH DTH Swdy:

[374] Female 5 week old CS37BL/6 mice were purchased from Taconic Biosciences
and acclimated at a vivarium for one week. Mice were primed with an emudsion of KLH and
CFA (1:1) by subcutancous immunization on day €. Mice were orally gavaged daily with
Harryflintic acetispora Strain A smEVs or dosed intraperitoneally with dexamethasone at |
mg/kg from days 1-8. After dosing on day 8, mice were anaesthetized with 1soflurane, left
cars were measured for baseline measurements with Fowler calipers and the mice were
challenged intradermally with KLH in saline (10 pl} in the loft car and car thickness
measurements were taken at 24 hours. Dosc was deternuned by particle count by NTA.
{375] The 24 hour car measurement results are shown 1 Fig. 9. smEVs made from
Harryfiintia acetispora were tested at two doses, ZE+11 and 2E+07, based on particles per

dose. The Harryflintia acetispora Strain A smEVs were efficacious, showing decreased
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tevels of ear inflammation 24 hours after challenge. Harnvfiintia acetispora Strain A was as

efficacious at the lower dose as the higher dose.

Example §: Oral Delievery of Harryflintia acetispora Strain A smEVs in a Mouse Model

of Delaved-Tyvpe Hypersensitivity (DTH)

{376} Delayed-type hypersensitivity (DTH) s an animal model of atopic dermatitis
{or allergic contact dermatitis), as reviewed by Petersen et al. (In vivo pharmacological
disease models for psoriasis and atopic dermatitis in drug discovery. Basic & Chinical Pharm
& Toxicology. 2006, 99(2}: 104-115; see also Irving €. Allen {ed.} Mouse Models of Innate
Imounity: Methods and Protocols, Methods in Molecular Biology, 2013 vol. 1031, DOI
10.1007/978-1-62703-481-4_13). Scveral variations of the DTH model have been used and
are well known m the art (Trving C. Allen {ed.). Mouse Models of Innate Tmmunity:
Methods and Protocols, Methods in Molecular Biology. Vol. 1031, DO 10.1607/978-1-
62703-481-4 13, Springer Science + Business Media, LLC 2013}

KLH DTH Study:

1377} Female 5 week old C57BL/6 mice were purchased from Taconic Biosciences

and acclimated at a vivarium for one week. Mice were primed with an emulsion of KLH and
CFA (1:1) by subcutancous tmmumization oo day 0. Mice were orallv gavaged daily with
Harryflintia acetispora Strain A smEVs or dosed intraperitoneally with dexamethasone at 1
mg/kg from days 53-8 After dosing on day 8§, mice were anaesthetized with isoflurane, left
cars were measured for baseline measurements with Fowler calipers and the mice were
chatlenged intradermally with KLH 1o saline (10 ul} n the loft car and car thickness
measurcments were taken at 24 hours.

1378} The 24 hour car measurement results are shown in Fig. 18, smEVs made
from Harryflintia acetispora Stramn A were corapared at three doses, 2E+11, 2E+09 and
2E+07 (based on particles per dose). The Harrvflintia acefispora Strain A smEVs were

efficaciouns at all three doses, showing decreased ear inflammation 24 hours after challenge.

Example 6: Harrvflintia acetispora Strain A smEV U837 Testing Protocol

Cell Line Preparation

I. The U937 Monocyte cell line (ATCC) was propagated in RPMI mediam with
added FBS HEPES, sodium pyruvate, and antibiotic. at 37°C with 5% COn.
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2. Cells were enumerated using a cellometer with live/dead staining to
deternuine viability.

3 Cells were diluted to a concentration of 5x10° cells per ml in RPMI mediom
with 200M phorbol-12-myristate-13-acetate (PMA) to differentiate the monocyies

imto macrophage-like cells.

4. 240 microliters of cell suspension was added to cach well of a 96-well plate
and mcubated 37°C with 5% CO» for 72hrs.
S, The adberent, differentiated cells were washed and meubated in fresh

mediam without PMA for 24hrs before expenmentation.

Experimental Setup

I smEVs were diluted to the appropriate concentration in RPMI medium
without antibiotics (typically Ix10°-1x10%0).

2. Treatment-free and TLR 2 and 4 agonist control samples are also prepared
3. The 96-well plate containing the differentiated U937 cells was washed with
fresh RPMI medium without antibiotics, to remove residual antibiotics.

4. 'The suspension of smEVs was added to the washed plate.

5. The plate was mcubated for 24hrs at 37°C with 5% COn.

Experimental Endpoints

I. After 24hrs of coincubation the supernatards were removed from the U937
cells nto a separate 96~-well plate. The cells were observed for any obvious lysis
{plagues) 1o the wells.

2. Two treatment-free wells did not have the supematants removed and Lysis
buffer was added to the wells and incubated at 37°C for 30 minutes 1o fyse cells
{maximurn lysis control}.

3. 50 microliters of cach sapernatant or maxinmum lysis control was added to a
now 96-well plate and cell lysis was determined (CytoTox 96® Non-Radioactive
Cytotoxicity Assay, Promega) per manufacturer’s instructions.

4. Cytokines were measured from the supernatants using U-plex MSD plates
{Meso Scale Discovery) per manafacturer’s instructions.

smEVs from Harrvflintia acetispora Steain A induce cytokine production

from PMA-differentiated U937 cells (Fig. 11). U937 cells were treated with Harryflintia
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acetispora Strain A smEV at 1x10°-1x10° concentrations as well as TLR2 (FSL) and TLR4
(LPS) agonist controls for 24hrs and cytokine production was measured. Note the stepwise

increase in cytokine production. “"Blank” indicates the mediom control.

Example 72 Harrvflintia acctispora Strain A Gamma-Irradiated Wheole Bacterium U937

Testing Protocel

Cell Line Preparation

L. The 1937 Monocvte cell line (ATCC) was propagated in RPMI medium with
added FBS HEPES, sodium pyruvate, and antibiotic. at 37°C with 5% COu.

2. Cells were enumerated using a collometer with live/dead staining to
determine viabiity.

3. Cells were diluted to a concentration of 5<1(° cells per ml in RPMI medium
with 20nM phorbol-12-myristate-13-acctate (PMA) to differentiate the monocytes
mto macrophage-tike cells.

4, 200 microliters of cell suspension was added to cach well of a 96-well plate
and mcubated 37°C with 5% CO» for 72hrs.

5. The adherent, differentiated cells were washed and incubated in fresh

medium without PMA for 24hrs before expenimentation.

Experimental Setup
I. Bacteria were diluted to the appropriate concentration in RPMI medium
without antibiotics (typically Ix10°-1x10'%).

2. Treatment-free and TLR 2 and 4 agonist control samples are also prepared

(9%

The 96-well plate containing the differentiated U937 cells was washed with

fresh RPMI medium without antibiotics, to remove residual antibiotics.

4. The suspension of Bacteria was added to the washed plate.

W

The plate was cubated for 24hrs at 37°C with 5% COn.

Experunental Eondpoints

I After 24hrs of comcubation the sapernatants were removed from the U937
cells 1nto a separate 96-well plate. The cells were observed for any obvious lysis

{plagues) in the wells.
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2. Two treatment-free wells did not have the supernatants removed and Lysis
buffer was added to the wells and ncabated at 37°C for 30 munates to fyse cells
{maximuim lysis control}.
3. 50 microliters of cach supematant or maximum lysis control was added to a
new 96-well plate and cell lvais was determined (CytoTox 96® Non-Radioactive
Cytotoxicity Assay, Promega) per manufachurer’s instructions.
4. Cytokines were measured from the supematants using U-plex MSD plates
{Meso Scale Discovery) per manufacturer’s instructions,
1380] Harryflintia acetispora Strain A whole gamma-irradiated microbes induce
cytokine production from PMA-differentiated U937 cells (Fig. 12). U937 cells were treated
with Harryfliniia acetispora Strain A whole gamma-irradiated microbes at [x10° and Ix10°
concentrations as well as TLR2 (FSL) and TLR4 (LPS) agomst controls for 24hrs and

cytokine production was measured. "Blank™ indicates the mediom control.

Example 8; Harrvflintic acetispora Strain A smEV Isolation and Enumeration

Equipment required:
Sorvall RC-5C centrifuge with SLA-3000 rotor
Optima XE-90 Ultracentrifuge by Beckman-Coulter
45T rotor
Sorvall wX+ Ultra Senies Centrifiige by Thermo Scientifie
Fiberlite F37L-8x100 rotor
1. Microbial Supernatant Collection and Filtration:
Microbes must be pelleted and filtered away from supematant in order to recover
smEVs and not microbes.
a. Pellet Microbial culture
i. Use Sorvall RC-3C centrifuge with the SLA-3000 rotor and centrifuge
coltore for a minimum of 15Smin at a minimum of 7,000rpm.
1. Decant supernatant info now and sterile container.
b. Supernatant Filtration
1. Filter superatant through 0. 2um filter.
i, For supematants with poor filterability {less than 300mi of
supernatant pass through filter) attach a 0 45um capsule filter abead of

the 0. 2um vacuum filter,
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Hi. Store “filtered” supematant at 4°C.
iv. Filtered supematant can then be concentrated using TFF.
2, Isolation of smEVs using Ultracentrifugation
Centrifuging concentrated supematant in the ultracentrifuge will pellet smEVs
isolating the smEVs from smaller biomolecules.

1. Set speed for 200,000g, ime for | bour, and temperature at 4°C.

1. When rotor has stopped, remove tubes from ultracentrifuge and gently
pour off the supernatant.

i, Add more superatant, balance, and centrifuge tubes again.
. After all concentrated supematant bas been centrifuged, the pelicts
generated are referred to as ‘crude’ smEV pellets.

v. Add sterile IxPBS to pellets and place in container. Place on shaker,
speed 70, i 4°C fridge overnight or longer.

vi. Resuspend the smEVY pellets with additional sterile IxPBS.
1. Store resuspended crude smEV samples at 4°C or at -80°C.
3. smEV Purification using Density Gradients
Density gradients are used for smEV purnification. During ultracentrifugation,
particles in the sample will move, and separate, within the graded density medium
based on their ‘buovant” densities. In this way smEVs are separated from other
particles, such as sugars, lipids, or other proteins, in the sample.
a. Preparation of Density Medium

1. For smEV purification, four different percentages of the density
medium (60% Optiprep) are ased, a 45% layer, a 35% laver, a 25%,
and a 15% layer. This will create the graded lavers. A 0% laver is
added at the top consisting of sterile IxPRS.

1. The 45% gradient layer should contain the crude smEV sample. Sl
of sample is added to 15mi of Optiprep. If crude smEVY sample is less
than Sml, bring up to volume using steride 1xPBS.

b. Density Gradient Assembly
1. Using a serological pipette, gently pipette the 45% gradient mixture
up and down to mix. Then pipetie the sample into a labeled clean and

sterile ultracentrifuge tube.
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i, Next, using a 10ml serological pipette, slowly add [3ml of 35%
gradient mixture.

11, Continue with 13ml of the 25% gradient mixture followed by 13mi of
the 15% mixture and finally 6ml of sterile 1xPBS.
iv. Balance ultracentrifuge tubes with sterile 1xPBS.

v. Carefully place gradients in rotor and set the ultracentnifuge for
200,000g and the temperature for 4°C. Centrifuge a nunimum of 16
hours.

¢. Removing Purified smEVs {rom Density Gradients

1. Using a clean pipette, removed fraction{s) of infcrest and add to 15mi
conical tube.

1. Keep ‘purified” smEV samples at 4°C.

d. Removing Optiprep Material from Purified smEVs

1. Inorder to clean and remove residual optiprep from smEVs, 10x
volume of PBS should be added to purified smEVs,

it Set the vltracentrifuge for 200,000g and the temperature for 4°C.
Centrifuge for 1 hour.

ni. Carctully remove tubes from ultracentrifuge and decant supernatant.
iv. Continue ‘washing purified mEVs until all sample has been pelleted.

v. Add sterile 1xPBS to purified pellets and place mn container. Place on
shaker, speed 70, in 4°C fridge overnight or longer.

vi. Resuspend the ‘purified” smEV pelicts with additional sterile IxPBS.

1. Store resuspended purified smEV samples at 4°C or at -80°C

Example 9: Administeringe pmE Y compositions {0 {reat mouse tumor models

{381} As described i Example 2, a mouse model of cancer is gencrated by
subcutanecusly injecting a tumor cell hine or patient-derived tumor sample and allowing it to
engraft into healthy mice. The methods provided herein may be performed using ong of
several different turnor cell lines including, but not imited to: B16-F10 or B16-F10-51Y
cells as an orthotopic model of melanoma, Panc02 cells as an orthotopic model of pancreatic
cancer (Maletzki et al., 2008, Gut 57:483-491), LLCT cells as an orthotopic model of lung

cancer, and RM-1 as an orthotopic madel of prostate cancer. As an examiple, but without
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Himitation, methods for studving the efficacy of pmEVs in the B16-F10 modetl are provided
it depth herein.

1382} A syngeneic mouse madel of spontancous melanoma with a very high
metastatic frequency is used to tost the ability of bacteria to reduce tumor growth and the
spread of metastases. The pmEVs chosen for this assay are compositions that may display
enhanced activation of inumune cell subsets and stimulate enhanced killing of tumor cells 70
vitro. The mouse melanoma cell line B16-F10 1s obtained from ATCC. The cells are
cultared in vitro as a monolayer in RPMI medium, supplemented with 109 heat-mactivated
fetal bovine senum and 1% pemcillin/streptomyein at 37°C in an atmosphere of 5% CO2
atr. The exponentially growing tumor celis are harvested by trypsinization, washed three
times with cold 1x PBS, and a suspension of 3E6 cells/ml is prepared for administration.
Female C37BL/6 mice are used for this experiment. The mice are 6-8 weeks old and weigh
approximately 16-20 g. For tumor development, each mouse is injected SC into the {lank
with 160 pl of the B16-F19 cell suspension. The mice arc anesthetized by ketamine and
xvlazine prior to the cell transplantation. The avtials used 1 the experiment may be started
on an antibiotic treatment via mstillation of a cocktail of kanamycin (0.4 mg/mi},
gentamicin, {(0.035 mg/ml}, colistin {850 U/ml), metronidazole (0,215 mg/mi) and
vancomyein {0.045 mg/mi) in the drinking water from day 2 to § and an intraperttoncal
injection of clindamycin (10 mg/kg} on day 7 after tumor injection.

{383} The size of the primary flank tumor is measured with a caliper every 2-3 days
and the tumor volume is calculated using the following formula: tumor volume = the tumor
width x tumor length < 0.5, Atter the primary twmor reaches approximately 100 nun3, the
animals are sorted nto several groups based on their body weight. The mice are then
randomly taken from each group and assigned to a treatment group. pmEVY compositions are
prepared as previously described. The nuce are orally moculated by gavage with
approximately 7.0e+09 to 3.0¢+12 pmEV particles. Alternatively, pmEVs arc administered
intravenously. Mice receive pmEVs daily, weekly, bi-weekly, monthly, bi-monthly, or on
any other dosing schedule throughout the treatment period. Mice may be 1V injecied with
pmEVs in the tail vem, or directly mmjected into the tumor. Mice can be injected with
pmEVs, with or without live bacteria, and/or pmEVs with or without inactivated/weakened
or kitled bacteria. Mice can be injected or orally gavaged weckly or once a month. Mice may
recetve combinations of purified pmEVs and bive bacteria to maxunize tumor-kitling

potential. Al mice are housed under specific pathogen-free conditions following approved
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protocols. Tamor size, mouse weight, and body temperature are monitored every 3-4 days
and the mice are humanely sacrificed 6 weeks after the B16-F10 mouse melanoma cell
injection or when the volume of the primary tumor reaches 1000 mm3. Blood draws are
taken weekly and a full necropsy under sterile conditions is performed at the terovnation of
the protocol.

{384 Cancer cells can be easily visualized in the mouse B16-F10 melanoma madel
due to their melanin production. Following standard protocols, tissue samples from lymph
nodes and organs from the neck and chest region are collected and the presence of micro-
and macro-metastases is analyzed using the following classification nule. An organ is
classified as posttive for metastasis if at least two micro-metastatic and one macro-metastatic
feston per lvmph node or organ arc found. Micro-metastases are detected by staining the
paraffin-embedded lvmphoid tissue sections with hematoxylin-eosin following standard
protocols known to one skilled in the art. The total number of metastases s correlated to the
volume of the primary tumor and it is found that the tumor volume correlates significantty
with tumor growth time and the sumber of macro- and micro~-metastases i lymph nodes and
visceral organs and also with the som of all observed metastases. Twenty-five different
metastatic sites are identified as previcusly described (Bobek V , et al., Syngeneic Iymph-
node-targeting model of green fluorescent protein-expressing Lewis lung carcinoma, Chin.
Exp. Metastasis, 2004,21(8).705-8).

{385] The tumor tissue samples are further analyzed for tumor infiltrating
tymphocytes. The CD8+ cytotoxic T cells can be isclated by FACS and can then be further
analyzed using customized p/MHC class T oucroartays to reveal their antigen specificity {sec
e.g., Deviren G, et al,, Detection of antigen-specific T cells on p/MHC microarrays, . Mol
Recognit., 2007 Jan-Feb;20(1):32-8). CD4+ T colls can be analyzed using customized
p/MHC class I¥ microarrays.

{385] At various timepomts, mice are sacrificed and tumors, lvimph nodes, or other
tissues may be removed for ex vive flow cytometric analysis using methods known in the art.
For example, tumars are dissociated using a Miltenyi tumor dissociation enzyme cocktail
according to the manufacturer’s instructions. Tumor weights are recorded and tumors are
chopped then placed in 15ml tubes containing the enzvme cocktail and placed on ice.
Samples are then placed on a gentle shaker at 37°C for 45 minutes and quenched with ap to
15mi complete RPMI. Each cell suspension is strained through a 70um filter into a 50ml

falcon tube and centrifuged at 1000 rpm for 10 minutes. Cells are resuspended in FACS
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buffer and washed to remove remaiming debnis. If necessary, samples are strained again
through a second 70um filter into a new tube. Cells are stained for analysis by flow
cytometry using techniques known in the art. Staining antibodics can include anti-CD1ilc
{dendritic cells), anti-CD8O, anti-CDE6, anti-CD40, anti-MHCIL, anti-CD¥a, anti-CD4, and
anti-CD 103, Other markers that may be analyzed include pan-imoume cell marker CD4S5, T
cell markers (CD3, CD4, CDS, CD2ZS, Foxp3, T-bet, Gata3, Roryt, Granzyme B, CD69, PD-
1, CTLA-4), and macrophage/faveloid markers (CD 1 1b, MHCH, CD206, CD40, CSFIR,
PD-L1, Gr-13. In addition to immunophenotyping, serum cytokines can be analyzed
including, but not Hmited to, TNFa, IL-17, 1L-13, 1L-12p70, IL12p40, IL-10, IL-6, IL-5, IL~
4, B-2, BT, IFNy, GM-CSFE, G-CSF, M-CSE, MIG, 1P10, MIP1b, RANTES, and MCP-1.
Cytokine analysis may be carried out immune cells obtained from lymph nodes or other
tissue, and/or on purified CD45+ umor-infiltrated rmmune cells obtained ex vivo. Finally,
immunohistochemustry is carried owt on tumor sections to measure T cells, macrophages,
dendritic cells, and checkpoint molecule protein expression.

{387} The same experiment is also performed with a mouse model of nwltiple
pulmonary melanoma metastases. The mouse melanoma cell hne B16-BL6 15 obtained from
ATCC and the cells are cultured in vitro as described above. Female C37BL/6 mice are used
for thus experiment. The mice are 6-8 weeks old and weigh approximately 16-20 g. For
tumor development, each mouse 1s injected nto the tail vein with 100 pl of a 2E6 cells/ml
suspension of B16-BL6 cells. The tomor cells that engraft upon IV injection end up 1 the
hungs.

[388] The mice are huranely killed after 9 days. The lungs arc weighed and
analyzed for the presence of pulmonary nodules on the lang surface. The extracted hings are
bleached with Fekete's solution, which does not bleach the tumor nodules because of the
melanin 1o the B16 cells though a small fraction of the nodules s amelanotic (1.¢. white).
The number of tumor nodules is carcfully counted to determine the tumor burden in the
mice. Typically, 200-250 polmonary noduales are found on the longs of the control group
mice {1.¢. PBS gavage}.

[389] The percentage tumor burden is calculated for the three treatment groups.
Percentage tumor barden 1s defined as the mean mumber of pulmonary nodules on the lung
surfaces of mice that belong to a treatment group divided by the mean number of pulmonary

nodules on the fung surfaces of the control group mice.
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{390} The tumor biopsies and blood samples are submitted for metabolic analysis
via LCMS techniques or other methods known in the art. Differential levels of amino acids,
sugars, lactate, among other metabolites, between test groups demonstrate the ability of the
microbial compaosition to disrupt the tunor metabolic state.

RNA Seq to Determine Mechanism of Action

{391} Dendritic cefls are purified from tumors, Peyers patches, and mesenteric
tymph nodes. RNAseq analysis is carried out and analvzed according to standard techoigues
known to one skilled in the art (Z. Hou. Scientific Reports. S{9570):doi: 10.1038/arepl08570
(2013}}. In the analysis, specific attention is placed on innate mflammatory pathway genes
including TLRs, CLRs, NERs, and STING, cytokines, chemokines, antigen processing and
presentation pathways, cross presentation, and T cell co-stunulation.

{392} Rather than being sacrificed, some mice may be rechallenged with tumor celi
fjection into the contralateral flank (or other area} to determing the impact of the immaune

system“’s mMeMory response on tumor gE’OWth.

PD-1 or PD-L1 inhibition

{1393} To determine the efficacy of pmEVs in tumor mouse models, in combination
with PD-1 or PD-L1 indubition, a mouse tumor model may be used as described above.

{394} pmEVs are tested for their efficacy i the mouse tamor model, etther alone or
in combination with whole bacterial cells and with or without anti-PD-1 or anti-PD-L1.
pmEVs, bactenial cells, and/or anti-PD-1 or anti-PD-L1 are administered at varied time
points and at varied doses. For exaraple, on day 10 after tumor injection, or after the tumor
volurne reaches [00mm?) the mice are treated with pmEVs alone or in combination with
anti-PD-1 or anti-PD-L1.

395} Mice may be administered pmEVs orally, intravenousty, or intratumorally.
For example, some mice are intravenously injected with anywhere between 7.0¢+09 to
3.0e+12 pmEV particles. While some mice receive pmEVs through Lv. injection, other mice
may receive pmEVs through mtraperitoneal {(1.p.} injection, subcutancous {5.¢.) injection,
nasal route adounistration, oral gavage, or other means of admumistration. Some mice may
receive pmEVs every day {e.g., starting on day 1), while others may receive pmEVs at
alternative mtervals (¢ g., every other day, or once every three davs). Groups of mice may be

admanistered a pharmaceutical composition of the mvention comprising a mixture of pmEVYs
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and bacterial cells. For example, the composition may comprise pmEV particles and whole
bacteria in a ratio from 11 {(pmEVs: bacterial cells) to 1-1x10:1 (pmEVs: bacterial cells).
1396} Altematively, some groups of mice may receive between 1x10% and 5x10°
bacterial cells in an admuinistration separate from, or comingled with, the pmEV
administration. As with the pmEVs, bactenal cell administration may be varied by route of
administration, dose, and scheduole. The bacterial cells may be live, dead, or weakened. The
bacterial cells may be harvested fresh {or frozen) and admuustered, or they may be tradiated
ot heat-killed prior to administration with the pmEVs, Some groups of mice are also mjected
with effective doses of checkpoint inhibitor. For example, mice receive 100 pg anti-PD-L1
mAB {(clone 10£.9g2, BioXCell) or another anti-PD-1 or anti-PD-L.1 mAB i 100 pyl PBS,
and some nuce receive vehicle and/or other appropriate control {e.2.. control antibody).
Mice are mjected with mABs 3, 6, and 9 days after the initial injection. To assess whether
chaeckpoint inhibition and pmEV immunotherapy have an additive anti-tumor effect, control
mice receiving anti-PD-1 or anti-PB-L1 mABs are included to the standard control panel.
Primary {tumor size) and secondary (tumor infiltrating lymphocytes and cytokine analysis)
endpoints are assessed, and some groups of mice may be rechallenged with a subseqguent

tumor cell inoculation to assess the effect of treatment on memory response.

Example 11: Labeling bacterial pmEVs

{397} pmEVs may be labeled i order to track their biodistribution in vive and to
quantify and track cellular localization inn various preparations and in assays conducted with
mawvvvalian cells. For example, praEVs may be radio-labeled, incubated with dyes,
fluorescently labeled, ummescently labeled, or labeled with conpugates contaiming metals
and isotopes of metals.

{398} For example, pmEVs may be mcubated with dyes conjugated to functional
groups such as NHS-ester, click-chemustry groups, streptavidin or biotin. The labeling
reaction may occur at a variety of temperatures for minotes or hours, and with or without
agitation or rotation. The reaction may then be stopped by adding a reagent such as bovine
serum albumin (BSA), or sumilar agent, depending on the protocol, and free or unbound dye
molecule removed by ultra~centrifugation, filtration, centrifugal filtration, column affinity
purification or dialysis. Additional washing steps nvolving wash buffers and vortexing or
agitation may be emploved to ensure complete removal of free dyves molecules such as

described in Su Chul Jang et al, Small. 11, No 4, 456-461(2017).
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{399] Optionally, pmEVs may be concentrated to 5.0 E12 particle/mi (300ug) and
dihsted up to 1.8mo using 2X concentrated PBS buffer pH 8.2 and pelleted by centrifugation
at 165,000 x g at 4 € using a benchiop ultracentrifuge. The pellet is resuspended in 300ul 2X
PBS pH 8.2 and an NHS-cster fluorescent dye 1s added at a final concentration of 0.2mM
from a 10mM dye stock (dissolved in DMSQ)}. The sample 1s gently agitated at 24°C for 1.5
hours, and then incubated overnight at 4°C. Free non-reacted dye is removed by 2 repeated
steps of dilution/pelicting as described above, using 1X PBS buffer, and resuspending in
3000l final volume.

{400} Fhuorescently labeled pmEVs are detected in cells or organs, or in in vifre
and/or ex vive samples by confocal microscopy. nanoparticle tracking analysis, flow
cvtometry, fluorescence activated cell sorting (FACs) or fluorescent imaging system such as
the Odyvssey CLx LICOR {see e.g., Wiklander et al. 2013 1. Extracellular Vesicles.
4:10.3402/jev v4.26316). Additionally, fluorescently labeled pmEVs are detected in whole
animals and/or dissected organs and tissues using an wstrument such as the IVIS spectrom
CT (Perkin Elmer) or Pear] Imager, as in H-1. Cho, et al. Experimenial & Molecular
Medicine. 49: 330 {2017).

4011 pmEVs may be labeled with conjugates containing metals and isotopes of
metals using the protocols described above. Metal-comugated proEVs may be administered
in vive to animals. Cells may then be harvested from organs at various time-points, and
analyzed ex vive. Alternatively, cells dertved from animals, humans, or immortalized cell
lines may be treated with metal-labelied pmEVs in vifro and cells subsequently labelled with
metal-conjugated antibodics and phenotyped using a Cytometry by Time of Flight (CyTOF)
instniment such as the Helios CyTOF (Flaidigm) or imaged and analvzed using and Imaging
Mass Cytometry mstrement such as the Hyperion lmaging System (Fluidigm}. Additionally,
pmEVs may be labelled with a radiotsotope to track the pmEVs biodistribution (see, ¢.g.,
Miller et al., Nanoscale. 2014 May 7.6(9):4928-35).

Example 12; Transmission electron microscopy to visualize bacterial pmEVs

{402} pmEVs are prepared from bacteria batch cultures. Transmussion electron
microscopy {TEM) may be used to visvalize purified bacterial pmEVs (8. Bin Park, et al.
PLoS ONE. 633217629 (2011). pmEVs are mouanted onto 300- or 400-mesh-size carbon-
coated copper grids (Electron Microscopy Sciences, USA} for 2 minutes and washed with

detonized water. pmEVs are negatively stained using 2% {w/v) uranyl acetate for 20 sec — 1
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nin. Copper grids are washed with sterile water and doied. Tmages are acquired using a
transmission electron microscope with 100-120 kV acceleration voltage. Stamed pmEVs
appear between 20-600 nm in diameter and are electron deuse. 10-50 fields on cach grid are

screened.

Example 13; Profiling pmEY composition and content

{403} pmEVs may be characterized by any one of vartous methods including, but
not imited to, NanoSight characienization, SDS-PAGE gel electrophoresis, Western blot,
ELISA, ligmd chromatography-mass spectrometry and mass spectrometry, dynamuic light
scattering, lipid levels, total protein, lipid to protein ratios, nucleic acid analysis and/or zeta
potential.

NanaSight Characterization of pmEVs

{404} Nanoparticle tracking analysis (NTA) 1s used to charactenize the size
distribution of purified bactenial pmEVs. Purnified pmEVY preparations are runon a
NanoSight machine (Malvern Instroments) to assess pmEVY size and concentration.
SDS-PAGE Gel Electrophoresis

{405} To identify the protein components of parified pmEVs, samples are num on a
gel, for examaple a Bolt Bis-Tris Plus 4-12% gel {Thermo-Fisher Scientific), using standard
techniques. Samples are boiled i Ix $DS sample buffer for 10 nunutes, cooled 10 4°C, and
then centrifuged at 16,000 x g for | min. Samples are then run on a SDS-PAGE gel and
stained using one of several standard techniques (e.g., Stlver staming, Coomassie Blue, Gel
Code Blue ) for visualization of bands.

Western blot analysis

{406} To identify and quantify specific protein components of purified pmEVs,
pmEY proteins are separated by SDS-PAGE as described above and subjected to Western
blot analvsis (Cvijetkovic et al., Sci. Rep. 6, 36338 {2016)) and are quantified via ELISA.
pmEV proteomics and Liguid Chromarography-Mass Specirometry (LC-MS/MY} and Mass
Spectrometry (MS}

{407} Proteins present in pmEVs are identified and quantificd by Mass
Spectrometry techunigues. pmEY proteins may be prepared for LC-MS/MS using standard
technigues including protein reduction using dithiotreitol solation (DTT) and protein
digestion using enzymes such as LysC and trypsin as described 1o Erickson et al, 2017

(Molecular Cell, VOLUME 65, ISSUE 2, P361-370, JANUARY 19, 2017). Alternatively,
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peptides are prepared as described by Lin et al. 2010 (JOURNAL OF BACTERIOLOGY,
Fune 2010, p. 2852-2860 Vol. 182, No. 11}, Kieselbach and Oscarsson 2017 (Data Brief.
2017 Feb; 10: 426-431), Viidhede et al, 2018 (Drug Metabolism and Disposition February
8, 2018}, Following digestion, peptide preparations are run directly on hiquid
chromatography and mass spectrometry devices for protein identification within a single
sample. For relative quantitation of proteins between samples, peptide digests from different
samples are labeled with ischaric tags using the ITRAQ Reagent-8plex Multiplex Kt
{Applied Biosystems, Foster City, CA) or TMT 10plex and Hiplex Label Reagents (Thermo
Fischer Scientific, San Jose, CA, USA). Each peptide digest is labeled with a different
isobaric tag and then the labeled digests are combined into one sample mixtur. The
combined peptide nuxture s analyzed by LC-MS/MS for both identification and
quantification. A database search 1s performed using the LC-MS/MS data to identify the
labeled peptides and the corresponding proteins. In the case of isobaric fabeling, the
fragmentation of the attached tag generates a low molecular mass reporter ion that is used to
obtain a relative quantitation of the peptides and proteins present in cach pmEV.

{408] Additionally, metabolic content is ascertained using liguid chromatography
technigues combined with mass spectrometry. A variety of techniques exist to determine
metabolonuc content of various samples and are known to one skilled in the art tnvolving
solvent extraction, chromatographic separation and a variety of ionization techmigues
coupled to mass determination {Roberts et al 2012 Targeted Metabolomics. Curr Protoc Mol
Biol. 30: 1-24; Dettmer ot al 2007, Mass spectrometry-based metabolomics. Mass Spectrom
Rev. 26(1):51-78). As a non-limiting example, a LC-MS systern jocludes a 4000 QTRAP
triple quadrapole mass spectrometer {AB SCIEX) combined with 1100 Series pump
{Agilent) and an HTS PAL autosampler (Leap Technologies). Media samples or other
complex metabolic mixtures (~10 ul) are extracted using nine volumes of 74.9:249:0.2
{v/v/v} acetonitrile/methanol/formic acid containing stable isotope-labeled mtemal standards
{valine-d8, Isctec; and phenylalanine-d8, Cambridge Isotope Laboratories). Standards may
be adjusted or modified dependmg on the metabolites of mnterest. The samples are
centrifuged (10 minutes, 9,000g, 4 °C), and the supernatants (10 pl) arc suboutied to LOMS
by injecting the solution onto the HILIC colurmn (150 x 2.1 mom, 3 um particle size}. The
column is ehited by flowing a 5% mobile phase [10mM ammonium formate, 0.1% formic

acid in water] for | nunute at a rate of 250ul/minute followed by a hincar gradient over 10
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nunuies to a solution of 40% mobile phase [acetonitnle with 0.1% fornue acid]. The fon
spray voltage is set to 4.5 KV and the source temperature is 450 °C.

14091 The data are analyzed using commercially available software ke Multiquant
1.2 from AB SCIEX for mass spectrum peak integration. Peaks of mierest should be
manually curated and compared to standards to confirm the identity of the peak.
(uantitation with appropriate standards is performed to determine the number of metabolites
present in the initial media, after bacterial conditioning and after tumor cell growth. A non-
targeted metabolomics approach may also be used using metabolite databases, such as but
not limited to the NIST database, for peak identification.

Dymamic light scatiering (DLS)

419] DILS measurements, including the distribution of particles of different sizes in
different pmEV preparations are taken using instruments such as the DynaPro NanoStar
{(Wyatt Technology and the Zetasizer Nano ZS (Malvern Instrumentis).

Lipid Levels

{411} Lipid levels are guantified using FM4-64 (Life Technologies), by methods
similar to those described by AJ. McBroom ef ol J Bacteriol 188:5385-5392. and A. Frias,
et al. Microb Ecol. 59:476-486 (2010). Samples arc incubated with FM4-64 (33 pe/ml in
PBS for 10 minutes at 37°C in the dark). Afier excitation at 513 nuw, emission at 635 nm s
measured using a Spectramax MS plate reader (Molecular Devices). Absolute concentrations
are determined by comparison of unknown samples to standards (such as
palmitovioleoyiphosphatidylgiveerol (POPG) vesicles} of known concentrations, Lipidomics
can be used to wentify the lipids present in the pmEVs.

Total Protein

412} Protein levels are quantified by standard assays such as the Bradford and
BCA assays. The Bradford assays are run using Quick Start Bradford 1x Diye Reagent (Bio-
Rad), according to manufacturer’s protocols. BCA assays are run using the Pierce BCA
Protein Assay Kit {Thermo-Fisher Scientific). Absolute concentrations are deternmuned by
comparison to a standard curve generated from BSA of known concentrations. Alternatively,
protein concentration can be calculated using the Beer-Lambert equation using the sample
absorbance at 280nm (A280} as measured on a Nanodrop spectrophotometer (Thermo-
Fisher Scientific).In addition, proteomics may be used to wdentify proteins in the sample.

Lipid:Protein Ratios
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{413} Lipid:protemn ratios are generated by dividing lipid concentrations by protein
concentrations. These provide a measure of the purity of vesicles as compared to free protein
in each preparation.

Nucleic acid analysis

414} Nueleic acids are extracted from pmEVs and quantified using a Qubit
fluorometer. Size distribution is assessed using a BioAnalyzer and the matenal is sequenced.
Zeta Potential

{415} The zeta potential of different preparations are measured using imstruments

such as the Zetasizer ZS (Malvern Instruments).

Example 14: In vitro screening of pmEVs for enhanced activation of CD8+ T cell

killing when incubated with tumer cells

416} In vitro methods for screening pmEVs that can activate UD8+ T cell killing
of tumor cells are described. Briefly, DCs are isolated from human PBMCs or mouse
spleens, using techuiques known in the art, and incubated in vitro with single-strain pmEVs,
mixtores of pmEVs, and/or appropriate controls. In addition, CD8+ T cells are obtained
from human PBMCs or mouse spleens using techniques known in the art, for example the
magnetic bead-based Mouse CD¥a+ T Cell Isolation Kit and the maguetic bead-based
Huaman CD&+ T Cell Isolation Kit (both from Miltenyi Biotech, Cambridge, MA). After
incabation of BCs with pmEVSs for some time {¢.g., for 24-hours), or incubation of DCs with
pmEV -stimulated epithelial cells, pmEVs are removed from the celf culture with PBS
washes and 100ul of fresh media with antibiotics is added to cach well, and 200,000 T cells
are added to cach expenimental well in the 96-well plate. Anti-CED3 antibody is added at a
final concentration of 2ug/ml. Co-cultures are then allowed to incubate at 37°C for 96 hours
under normal oxygen conditions.

{417} For example, approximately 72 hours into the coculture incubation, tumor
cells are plated for use in the assay asing techniques known in the art. For example, 50,000
tumor cells/well are plated per well in new 96-well plates. Mouse tumor cell lines used may
mclude B16.F10, SIY+ B16 F10, and others. Human tumor cell lines are HLA-matched to
donor, and can include PANC-1, UNKPC960/961, UNKC, and HELA cell hnes. After
completion of the 96-hour co-culture, 100 pl of the CD8+ T cell and DC mixture is

transterred to wells containing tumor cells. Plates are incubated for 24 hours at 37°C under
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normal oxyeen conditions. Staurospauring may be used as negative control to account for
cell death.

1418} Following this incubation, flow cvtometry is used to measure tumor cell
death and characterize immune cell phenotype. Briefly, tumor cells are stained with viabaility
dye. FACS analvsis 1s used to gate specifically on tumor cells and measure the percentage of
dead (kifled) tomor colls. Data are also displayed as the absolute mumber of dead tumor cells
per well. Cytotoxic CDR8+ T cell phenotype may be characterized by the following methads:
a} concentration of supernatant granzyme B, IFNy and TNFa mn the culture supernatant as
described below, by CD8+ T cell surface expression of activation markers such as DL69,
CD2Z5, CD154, PD-1, gamma/delta TCR, Foxp3, T-bet, granzyme B, ¢} intraceliular
cyvtokine staining of IFNv, granzyme B, TNFa i CD8+ T cells. T4+ T cell phonotype may
also be assessed by miracellular cyvitokine staimming in addition to supernatant cvtokine
concentration incloding INFy, TNFa, [L-12, [L-4, IL-5, 1L-17, IL-10, chemokines ctc.

419} As an additional measare of CD8+ T cell activation, 106 pd of culture
supernatant is removed from wells following the 96-hour incubation of T celis with DCs and
1s analyzed for secreted cviokines, chemokines, and growth factors using the mubtiplexed
Luninex Magpix. Kit (EMD Millipore, Darmstadt, Germany}. Briefly, the wells are pre-wet
with buffer, and 25 yl of Ix antibody-coated magnetic beads are added and 2x 200 yl of
wash buffer are performed in every well using the magnet. 50 ul of Incubation buffer, 50 ul
of diluent and 30 pi of samples are added and mixed via shaking for Zhrs at room
temperature in the dark. The beads are then washed twice with 200 1l wash bufter. 100 pl of
1X hiotinylated detector antibody s added and the suspension i1s incubated for 1 hour with
shaking in the dark. Two, 200 ul washes are then performed with wash buffer. 100 pl of Ix
SAV-RPE reagent is added to cach well and is incubated for 30 min at RT in the dark. Three
200 pd washes are performed and 125 ul of wash buffer i1z added with 2-3 min shaking
occurs. The wells are then subnutted for analysis in the Luminex xMAP svstem.

{420} Standards allow for careful quantitation of the cytokines mcluding GM-CSF,
IFN-g, ¥FN-a, IFN-B IL-1a, 1L-18, {L-2 11-4, 11-5 11.-6 1L-8 110 §L-13, 1L-12
{(p40/p70), HL-17, IL-23, IP-10, KC, MCP-1, MIG, MIPla, TNFa, and VEGF . These
cytokings are assessed in samples of both mouse and human origin. Increases in these
cytokines in the bacterial treated samples indicate enhanced production of proteins and
cvtokines from the host. Gther vaniations on this assay examinng specific cell types ability

to release cytokines are assessed by acquining these cells through sorting methods and are

126



WO 2021/252860 PCT/US2021/036956

recognized by one of ordinary skill in the art. Furthermore, cvtokine mRNA is also assessed
to address cytokine release in response to an pmEVY composition. These changes in the cells
of the host stimulate an imymune response sinularly 1o in vivo response in a cancer
microenvironent,

421} This CD8+ T cell stimudation protocol may be repeated using combinations

of purified pmEVs and live bacterial strains fo maximize immune stimulation potential.

Example 18; In vitro screening of pmEVs for enhanced tumor cell killins by PBMCs

{422} Vartous methods may be used to screen pmEVs for the ability to stimulate
PBMCs, which in turn activate CD8+ T cells to kil tumor cells. For example, PBMCs are
isolated from heparinized venous blood from healthy human donors by ficoll-paque gradient
centrifugation for mouse or humoan blood, or with Lympholyte Cell Separation Media
{Cedarlane Labs, Ontano, Canada) from mouse blood. PBMCs are incubated with single-
strain pmEVs, mixtures of pmEVYs, and appropriate controls. In addition, CD8+ T cells are
obtained from human PBMCs or mouse spleens. After the 24-hour incubation of PBMCs
with pEVs, pmEVs are removed from the colls using PBS washes, 100ul of fresh media
with antibiotics is added to sach well. An appropriate number of T celis {c.g., 200,600 T
cells) are added to cach experimental well in the 96-well plate. Anti-CD3 antibody is added
at a final concentration of 2ug/ml. Co-cultures are then aliowed to ingubate at 37°C for 95
hours under normal oxygen conditions.

{423} For example, 72 hours into the cocultare incubation, 50,000 tumor cells/well
are plated per well in new 96-well plates. Mouse tumor cell ines used include B16.F10,

SIY+ BI6.F10, and others. Human tumor cell lines are HLA-~matched to donor, and can

S6-hour co-culture, 100 pl of the CD8+ T cell and PBMC mixture is transferred to wells
containing tumor cells. Plates are incubated for 24 hours at 37°C under normal oxygen
conditions, Staurospaurine is used as negative conirol to account for cell death.

{424} Following this incobation, flow cvitometry 1s used to measure tumor cell
death and characterize immune cell phenotype. Briefly, tumor cells are stained with viability
dve. FACS analysis 15 used to gate specifically on tumor cells and measure the percentage of
dead (killed) tumor cells. Data are also displaved as the absohute number of dead tumor cells
per well. Cytotoxic CD8+ T cell phenotype may be characterized by the following methods:

a} concentration of supernatant granzyme B, IFNy and TNFa in the culture supernatant as
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described below, by CD8+ T cell surface expression of activation markers such as D69,
CD25, CD154, PD-1, gamma/delta TCR, Foxp3, T-bet, granzyme B, ¢} intracellular
cytokine stamming of IFNy, granzyme B, TNFa tn CD8+ T cells. {D4+ T cell phenotype may
also be assessed by mtracchular cytokine staimning in addition to supernatant cvtoking
concentration mcluding INFy, TNFa, [L-12, 11-4, 1L-5, 1L-17, IL-10, chemokines cte.

{425] As an additional measare of CD8+ T cell activation, 100 pd of culture
supernatant is removed from wells following the 96-hour incubation of T cells with BCs and
1s analyzed for secreted cviokines, chemokines, and growth factors using the muttiplexed
Laminex Magpix. Kit (EMD Millipore, Darmstadt, Germany). Briefly, the wells are pre-wet
with buffer, and 25 pl of Ix antibody-coated magnetic beads are added and 2x 200 pl of
wash buffer are perforued 1 every well using the magoet. 50 yl of Incubation buffer, 50 @
of diluent and 50 pl of samples are added and mixed via shaking for Zhrs at room
temperatare in the dark. The beads are then washed twice with 200 il wash buffer. 100 gl of
1X biotinylated detector antibody 1s added and the suspension is incubated for 1 hour with
shaking in the dark. Two, 200 pl washes are then performed with wash buffer. 100 ul of Ix
SAV-RPE reagent is added to each well and is incubated for 30 min at RT in the dark. Three
200wl washes are performed and 125 yl of wash buffer is added with 2-3 min shaking
occurs. The wells are then subnutted for analysis in the Luminex xMAP systern.

426} Standards allow for careful quantitation of the cytokines mclading GM-CSF,
IFN-g, IFN-g, IFN-B IL-1a, 1L-18, 112 [L-4, §L-5, 11-6, IL-8, 1L-10) 1L-13, IL-12
(pA0/p70), IL-17. 1L-23, IP-10, KC. MCP-1, MIG, MIPla, TNFa, and VEGF. These
cvtokines are assessed in samples of both mouse and human onigin. Increases in these
cytokines in the bacterial treated samples indicate enhanced production of proteins and
cytokines from the host. Other vartations on this assay examining spectfic cell types ability
to release cytokines are assessed by acquiring these cells through sorting methods and are
recognized by one of ordinary skill in the art. Furthermore, cytokine mRNA is also assessed
to address evtokine release in response to an pmEV composition. These changes in the cells
of the host stimulate an tmmune response similarly to in vivo response in a cancer
microenvironment.

4273 This PBMC stinudation protoco! may be repeated using combinations of
purified pmEVs with or without combmations of live, dead, or mactivated/weakened

bacterial strains to maxunize vovwne stinulation poteutial.
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Example 16: In vitro detection of pmEVs in anticen-presenting cells

{428} Dendritic cells in the lamina propria constantly sample live bacteria, dead
bacteria, and microbial products in the gut lumen by extending their dendrites across the gut
gpithchium, which is one way that pmEVs produced by bacteria in the intestinal lumen may
directly stimulate dendritic cells. The following methods represent a way to assess the
differential uptake of pmEVs by antigen-presenting colls. Optionally, these methods may be
applied o assess immunomodulatory behavior of pmEVs adounistered to a patient.

{429} Dendrtic cells (BCs) are isolated from human or mouse bone marrow, blood,
or spleens according to standard methods or kit protocols {e.g., Inaba K, Swiggard Wi,
Steinman RM, Romani N, Schuler G, 2001, Isolation of dendrtic cells. Current Protocols in
Imounolagy. Chapter 3:Unt3.7).

{430] To evaluate pmEV entrance into and/or presence m DCs, 250,000 DCs are
seeded on a round cover slip in complete RPMI-1640 mediom and are then incubated with
pmEVs from single bacterial strains or combinations pmEVs at various ratios. Purified
pmEVs may be labeled with flucrochromes or flucrescent proteins. After incubation for
various timepoints {e.g., 1 hour, 2 hours), the cells are washed twice with ice-cold PBS and
detached from the plate using trypsin. Cells are cither allowed to remain mtact or are lysed.
Samples are then processed for flow cytometry. Total internalized pmEVs are quantified
from lysed samples, and percentage of cells that uptake pmEVs 1s measured by counting
fluorescent cells. The methods described above may also be performed in substantially the
same manner using macrophages or epithelial cell lines {obtained from the ATCC) in place

of BCs.

Example 17: In vitro screening of pmEVs with an enbanced ability to activate NK cell

kiling when imcubated with target cells

1431} To demonstrate the ability of the selected pmEV compositions to elicit potent
NK cell eytotoxicity to tumor cells, the following in vitro assay 1s used. Briefly,
mononuclear cells from heparinized blood are obtained from healthy human donoss.
Optionally, an expansion step to increase the numbers of NK cells is performed as
previously described (.., see Somanschi et al,,.J Vis Fxp. 201 1;(48):2540). The cells may
be adjusted to a concentration of ,celis/ml in RPMI-1640 medium contamming 5% human
serum. The PMNC cells are then labeled with appropriate antibodies and NK cells are

isolated through FACS as CD3-/CD36+ cells and are ready for the subsequent cyviotoxicity
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assay. Alternatively, NK cells are isolated using the autoMACs instrumnent and NK cell
tsolation kit following manufactarer’s instroctions (Miltenvl Biotec).

432} NK cells are counted and plated 10 a 96 well format with 20,000 or more colis
per well, and incubated with single-strain praEVs, with or without addition of antigen
presenting cells (e.g., monocytes derived from the same donor), pmEVs from muixtures of
bacterial strains, and appropriate controis. After 5-24 hours incubation of NK cells with
pmEVs, pmEVs are removed from celis with PBS washes, NK cells are resuspended in {0
mk fresh media with antibiotics and are added to 96-well plates contaiming 20,000 target
tumor cells/well. Mouse tumor cell Hines used include B16.F10, SIY+ B16 F10, and others.
Human tumor celf lings are HLA -matehed to donor, and can include PANC-1,
UNKPC260/261, UNKC, and HELA cell hines. Plates are incubated for 2-24 houwrs at 37°C
under normal oxygen conditions. Staurospauring 1s used as negative control to account for
cell death.

{433} Following this incubation, flow cvtometry is used to measure tumor cell
death using methods known in the art. Briefly, tumor cells are stained with viability dve.
FACS analysis is used to gate specifically on tumor cells and measure the percentage of
dead (kitled) tumor celis. Data are also displaved as the absohste nuntber of dead tumor cells
per well.

1434} This NK cell stimulation protocol may be repeated using combinations of

purnified pmEVs and hive bacterial strains to maximize immune stimalation potential.

Example 18: Using in vilro inunune activation assavs to predict in vive caancer

immunoctherapy efficacy of pmEVY compositions

{435} I vitvo iromume activation assays identify pmEVs that are able to stunulate
dendritic cells, which in turn activate CD8+ T cell killing. Therefore, the /n vifro assays
described above are used as a predictive screen of a large number of candidate pmEVs for
potential immunotherapy activity, pmEVs that display enhanced stimulation of dendritic
cells, enhanced stimulation of CD8+ T cell killing, enhanced stimulation of PBMC Lilling,
and/or enhanced stimulation of NK cell killing, are preferentially chosen for i vive cancer

immunotherapy efficacy studies.
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Example 19: Determining the biodistribution of pmEVs when delivered orally {o mice

{436} Wild-type mice {¢.g., CSTBL/6 or BALB/¢) are orally inoculated with the

pmEVY composition of interest to determine the iz vive biodistibution profile of purified
pruEVs. pmEVs are labeled to aide in downstream analyses. Altomatively, tumor-bearing
mice or mice with some mmnume disorder (¢.g., systemic lupus ervthematosus, experimental
autoimmune encephalomyelitis, NASH) may be studied for in vive distribution of pmEVs
OVeT 4 ZIven Hme-Course.

{437} Mice can receive a single dose of the pmEV {e.g., 25-100 ug) or several
doses over a defined time course {(25-100 ug). Alteratively, pmEVs dosages may be
administered based on particle count {e.g., 7e+08 to 6e+11 particles). Mice are housed under
specific pathogen-free conditions following approved protocols. Alternatively, nice may be
bred and maintained under sterile, germ-free conditions. Blood, stool, and other tissue
samples can be taken at appropriate time points.

{438} The mice are humanely sacrificed at various time poiuts {7.e., hours to days)
post administration of the pmEV compositions, and a full necropsy under sterile conditions
1s performed. Following standard protocols, lymph nodes, adrenal glands, hiver, colon, small
intestine, cecum, stomach, spleen, kidneys, bladder. pancreas, heart, skin, hungs, brain, and
other tissuc of interest are barvested and are used divectly or snap frozen for further testing.
The tissue samples are dissected and homogenized to prepare single-cell suspensions
following standard protocols known to one skilfled in the art. The number of pmEVs present
in the sample is then quantitied through flow cytometry. Quantification may also proceed
with use of fluorescence microscopy after appropriate processing of whole mouse tissue
(Vankelecom H., Fixation and paraffin-embedding of mouse tissues for GFP visaalization,
Cold Spring Harb. Protoc., 2009}, Alternatively, the animals may be asalyzed using live-
imaging according to the pmEV labeling technigue.

{439} Biodistribution may be performed in mouse models of cancer such as butnot
himited to CT-26 and B16 (see, e.g., Kim et al., Nature Communications vol. 8, no. 626
{2017)) or autoimmunity such as but not limited to EAE and D'TH (sce, ¢, Turjeman ¢t al,
PL0S One 10(7): ¢0130442 (20105).
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Example 28: Purification and preparation of secreted microbial extracellular vesicles

{smEVs) from bacteria

Purification

{440} Secreted microbial extracellular vesicles (smEVs) are purified and prepared
from bactenal cultures (e.g., bacteria from Table 2} using methods known to those skilled in
the art (8. Bin Park, et al. PLoS ONE. 6(3}.¢17629 (201 1}).

{441} For example, bacterial cultures are centrifuged at 10,000-15,500 x g for 10-40
min at 4°C or room temperature to pellet bacteria. Culture supematants are then filtered to
include material £0.22 pum (for example, via a .22 um or 0.45 pm filter) and o exchude
intact bacterial celis. Filicred supematants are concentrated using methods that may include,
but are not limited to, asunonium sulfate precipitation, ultracentrifugation, or filtration.
Briefly, for ammonium sulfate precipitation, 1.5-3 M ammonium sulfate is added to filtered
supernatant slowly, while stirring at 4°C. Precipitations are incabated at 4°C for §-48 hours
and then centrifuged at 11,000 x g for 20-40 mun at 4°C. The pellets contain smEVs and
other debris. Briefly, using ultracentrifugation, filtered supernatants are centrifuged at
100,000-200,000 x g for 1-16 hours at 4°C. The pellet of this centrifugation contains smEVs
and other debnis. Briefly, using a filtration technique, using an Amicon Ultra spin filter or by
tangential fow filtration, supernatants are filtered so as to rotan species of molecular weight
> 56, 100, 300, or 500 kDa.

{442} Alternatively, smEVs are obtamned from bacterial caltores continuously
during growth, or at selected time points during growth, by connecting a bioreactor to an
alternating tangential flow (ATF) svstem {c.g., XCell ATF from Repligen) according to
manufactures’s tstructions. The ATF system retains intact cells & 0.22 um} in the
bioreactor, and allows smaller components {¢.g., smEVs, free proteins) to pass through a
filter for coliection. For example, the system may be configured so that the < 0.22 um filtrate
is then passed through a second filter of 100 kDa, allowing species such as smEVs between
0.22 um and 100 kBa to be collected, and species smaller than 1060 kDa to be pumped back
into the bioreactor. Alternatively, the system may be configured to allow for medium in the
bioreactor to be replenished and/or modified during growth of the culture, smEVs collected
by this method may be further purified and/or concentrated by ultracentrifugation or
filtration as described above for filtered supernatants.

{443] smEVs obtained by methads described above may be further punitied by

gradient ultracentrifugation, using methods that may nclude, but are not hmuted to, use of a
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sucrose gradient or Optiprep gradient. Briefly, using a sucrose gradient method, if
aminonium sulfate precipitation or aliracentrifugation were used to concentrate the filtered
supernatants, pellets are resuspended i 60% sucrose, 30 mM Tris, pH 8.0, ¥f filteation was
used to concentrate the filicred supernatant, the concentrate is buffer exchanged nto 60%
sucrose, 30 mM Tns, pH 8.0, using an Anucon Ultra column. Samples are apphied to a 35-
60% discontinuous sucrose gradient and centrifuged at 200,000 x g for 3-24 hours at 4°C.
Briefly, using an Optiprep gradient method, if ammonium sulfate precipitation or
ultracentrifugation were used to concentrate the filtered supermatants, pellets are resuspended
11 45% Optiprep in PBS. If filtration was used to concentrate the filtered supernatant, the
concentrate is diluted using 60% Optiprep to a final concentration of 45% Optiprep. Samples
are applied to a 0-45% discontinnous sucrose gradient and centrifuged at 200,000 x g for 3-
24 hours at 47C. Alternatively, high resolution density gradient fractionation could be used
to separate smEVs based on deasity.

Preparation

{444] To confirm sterility and isolation of the smEV preparations, smEVs are
serially diluted onto agar medium vsed for roatine culture of the bacteria being tested and
incubated using routine conditions. Non-sterile preparations are passed through a .22 am
filier to exclude imtact cells. To further jncrease purity, isolated sroEV's may be DNase or
proteinase K treated.

{445] Alternatively, for preparation of smEVs ased for in vive injections, punfied
smEVs are processed as described previcusly (G, Norheim, et al. PLoS ONE. 10(9):
c0134353 (2015})). Brefly, afier sucrose gradient centrifugation, bands contatming smEVs

~
2

are resuspended to a final concentration of 50 ug/mL in a solution containing 3% sucrose or
other solution suitable for /1 vivo injection known 1o one skilled in the art. This solution may
also contain adjuvant, for example alununum hydroxide at a concentration of 0-0.5% (w/iv).
{446] To make samples compatible with further testing {¢.g., 10 remove sucrose
prior to TEM imaging or in vifro assays), samples are buffer exchanged into PBS or 30 mM
Trig, pH 8.0 using filtration {¢.g., Amicon Ultra columns}, dialysis, or ultracentrifugation
{following 15-fold or greater dilution in PBS, 200,000 x g, 1-3 hours, 4°C) and resuspension
in PBS.

{447} For all of these studies, smEVs may be heated, irradiated, and/or lyophilized

prior to adretustration as described above.
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Example 21: Manipulating bacteria through stress t¢ produce various amounts of

smEVs and/or to vary content of smEVs

[448] Stress, and n particular envelope stress, has been shown to increase
production of smEVs by some bacterial strains (1. MacDonald, M. Kuchn. J Bacreriol
195(13): doi: 10/1128/3B.02267-12). In order to vary production of smEVs by bactena,
bacteria are stressed using varnous methods.

{449} Bacteria may be subjected to smgle stressors or stressors n combination. The
effects of different stressors on different bactenia is determined empirically by varying the
stress condition and determining the IC50 value (the conditions required to inhibit cell
growth by 50%:;}. smEV purification, quantification, and characterization occurs. smEV
production s quantified (1) in complex samples of bactenia and smEVs by nanoparticle
tracking analysis (NTA} or transmission electron microscopy (TEM): or (2) following smEV
purification by NTA, hpid quantification, or protein quantification. smEV content is
assessed following purification by methods descnibed above.

] Anfibiotic Stress

{451} Bacteria are cultivated under standard growth conditions with the addition of
sublethal concentrations of antibiotics. This may mchude 0.1-1 pe/mb chloramphenicol, or
0.1-0.3 ug/ml gentamicin, or stmtlar concentrations of other antibiotics (¢.g., ampicitiin,
polvmyxin B). Host antimicrobial products such as lysozyme, defensins, and Reg proteins
may be vsed i place of antibiotics. Bacterially-produced antimicrobial peptides, including
bacteriocins and mucrocing may also be used.

{452] Temperature Stress

{453} Bacteria are cultivated under standard growth conditions, but at higher or
lower temperatures than are typical for their growth. Alicmatively, bacteria are grown under
standard conditions, and then subjected to cold shock or heat shock by incubation for a short
period of time at low or high temperatares respectively. For example, bacteria grown at 37°C
are incubated for | hour at 4°C-18°C for cold shock or 42°C-50°C for heat shock.

{454} Starvation and nutrient limitation

[455] To mduce nutritional stress, bactenia are cultivated under conditions where
one or more nutrients are limited. Bacteria may be subjected to nutritional stress throughoat
growth or shifted from a rich medium to a poor medium. Some examples of media
components that are limited are carbon, nitrogen, iron, and sulfur. An example medivm is

M9 minimal medium {Sigma-Aldrich), which contains low glucose as the sole carbon

134



WO 2021/252860 PCT/US2021/036956

source. Media components are also manipulated by the addition of chelators such as EDTA
and deferoxamine.

{456] Saturation

457} Bacteria are grown to saturation and incubated past the saturation point for
various periods of time. Alternatively, conditioned media is used to mimic saturating
cnvironments during exponential growth. Conditioned media is prepared by removing intact
cells from saturated cultures by centrifugation and filiration, and conditioned medsa may be
further treated to concentrate or remove specific components.

{458] Sait Stress

{459 Bacteria are cultivated in or exposed for brief periods to medium containing
Na(l, bile salts, or other salts.

{460] IV Stress

{461} UV stress is achieved by caltivating bacteria under a UV lamp or by exposing
bacteria to UV using an wstrument such as a Stratalinker (Agient}). UV may be administered
throughout the entire cultivation period, 1 short bursts, or for a single defined period
following growth.

{462} Reactive Oxygen Siress

{463} Bacteria are cultivated in the presence of sublethal concentrations of
hydrogen peroxide (250-1,000 uM) to induce stress n the form of reactive oxygen species.

Anaerobie bacteria are cultivated in or exposed to concentrations of oxygen that are toxic to

them.
{464] Detergent stress
{465} Bacteria are cultivated in or exposed to detergent, such as sodanm dodecyl

sulfate (SD8) or deoxycholate.

{466} pH stress
{457} Bacteria are cultivated in or exposed for limited times to media of different
pH.

Example 22: Preparation of smEV-free bacteria

{468} Bacterial samples contaiung nunimal amounts of smEVs are prepared. smEV
production 1s quantified (1} in complex samples of bacteria and extracelhular compounents by
NTA or TEM; or (2} following smEV purification from bacterial samples, by NTA, limd

guantification, or protein quantification.
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{469} a. Centrifugation and washing: Bacterial cultures are centrifuged at 11,000 <
g 1o separate intact cells from supermatant (including free proteins and vesicles). The peliet is
washed with buffer, such as PBS, and stored in a stable way (e.g., mixed with glycerol, flash
frozen, and stored at ~-80°C).

1470} b. ATF: Bacteria and smEVs are separated by connection of a bisreactor o
an ATF system. smEV-{ree bacteria are retained within the bioreactor, and may be further
separated from residual smEVs by centrifugation and washing, as described above.

{471} ¢. Bacteria are grown under conditions that are found to himit production of

smEVs. Conditions that may be varied.

Example 23: A colorectal carcinoma model

472} To study the efficacy of smEVs n a tumor model, one of many cancer cell
limes may be used according to rodent tumor models known in the art.

{473] For example, female 6-8 week old Balb/c mice are obtained from Taconic
{Germantown, NY) or other vendor. 100,000 CT-26 colorectal tumor cells (ATCC CRL-
2638} are resuspended n sterile PBS and inoculated in the presence of 50% Matrgel. CT-26
tamor cells are subcutanecusly injected into one hind flank of cach mouse. When tumor
volumes reach an average of 100mm? {approximately 10-12 days following tumor cell
inoculation), animals are distributed into various treatment groups (¢.g., Vehicle; smEVs,
with or without anti-PD-1 antibody}. Antibodics are administered intraperitoncally (G pJ at
200 pg/mouse (100 pl final vohane) every four days, starting on day 1, for a total of 3 times
{Q4Dx3}, and smEVs are administered orally or intravenously and at varied doses and
varied times. For exaraple, smEVs (5 ug) are intravenously (1.v.) injected every third day,
starting on day 1 for a total of 4 times (Q3Dx4} and mice are assessed for tumor growth.
Some mice may be intravenously injected with smEVs at 10, 15, or 20 ug smEVs/mouse.
Other mice may receive 25, 50, or 100 mg of smEVs per mouse. Alternatively. some mice
recetve between 7.0e+09 to 3.0e+12 smEV particles per dose.

474} Alternatively, when tumor volumes reach an average of 100mm’
{approximately 10-12 days following tumor cell inoculation), animals are distributed into the
following groups: 1) Vehicle; 2) smEVs; and 3) anti-PD-1 antibody. Antibodies are
administered mtraperitoneally (1.p.} at 200ug/mouse (100ul final volume) every four days,
starting on day 1, and smEVs are adnunistered intraperitoneally (i.p ) daily, stasting on day 1

until the conclusion of the study.
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{475} When tumor volumes reached an average of $00mm’ (approximately 10-12
days following tumor eell inoculation}, animals were distributed mto the following groaps:
1} Vehicle; 2} anti-PD-1 antibody; and 3) smEV (7.0 e+10 particle count). Antibodies were
aduunistered mtraperitoneally (L.p.} at 200 pg/mouse (100 pl final volume) every four days,
starting on day 1, and smEVs were intravenously (i.v.) mjected daily, starting on day 1 ungil
the conclusion of the study and tumors measured for growth. At day 11, the smEVY group
exhubited tumor growth inhibition that was significantly betier than that seen in the anti-PD-
1 group. Welch's test is performed for treatment ve. velucle, In a study looking at dose-
response of smEVs, the highest dose of smEVs demonstrated the greatest efficacy, although

i a study with smEVs, higher doses do not necessanly correspond to greater efficacy.

Example 24: Administering smEVY compositions {o treat mouse fwmor models

{476} As described in Example 2 a mouse model of cancer 1s generated by
subcutanecusly injecting a tumor cell line or paticnt-derived tumor sample and allowing it to
cngraft into healthy mice. The methods provided herein may be performed using one of
several difforent tumor cell ines including, but vot linuted to: B16-F10 or B16-F10-51Y
cells as an orthotopic mode] of melanoma, Panc02 cells as an orthotopic model of pancreatic
cancer (Maletzki et al., 2008, Gut 57:483-491), LLCI cells as an orthotopic model of lung
cancer, and RM-1 as an orthotopic model of prostate cancer. As an example, but without
hinuitation, methods for studving the efficacy of smEVs n the B16-F10 model are provided
in depth herein.

4771 A syngeneic mouse model of spontancous melanoma with a very high
metastatic frequency 1s used to test the ability of bacteria to reduce tumor growth and the
spread of metastases. The smEVs chosen for this assay are compositions that may display
enhanced activation of immune cell subsets and stimaelate enhanced killing of tumor cella in
vitro. The mouse melanoma cell line B16-F10 is obtained from ATCC. The cells are
cultured in vitro as a monolayer in RPMI medium, supplemented with 10% heat-inactivate
fetal bovine serum and 1% penicillin/streptomycin at 37°C in an atmosphere of 3% CO2 in
air. The exponentially growing tumor cells are harvested by trypsinization, washed three
times with cold Ix PBS, and a suspension of SE6 cells/ml is prepared for administration.
Female CS57BL/6 mice are used for this experiment. The mice are 6-8 weeks old and weigh
approximately 16-20 g. For tumor development, each mouse 1s injected SC into the flank

with 100 gl of the B16-F10 ¢cll suspension. The mice are ancsthetized by ketanune and
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xviazine prior to the cell transplantation. The animals used m the experiment may be started
on an antibiotic treatment via mstillation of a cocktail of kanamycin (0.4 mg/mi},
gentamicin, {0.035 mg/mi}, colistin {850 U/ml), metronidazole (0,215 mg/mi) and
vancomyein {0.045 mg/ml) in the drinking water from day 2 to § and an intraperitoncal
injection of clindamycin (10 mg/ke) on day 7 after tumor injection.

478} The size of the primary flank tumor is measured with a caliper every 2-3 days
and the tumor volume is calculated using the following formula: tumor volume = the tumor
width x tumor length « 0.5, Afier the primary tumor reaches approximately 100 mm3, the
animals are sorted o several groups based on their body weight. The mice are then
randomly taken from cach group and assigned to a treatment group. smEV compositions are
prepared as previously described. The nuce are orally moculated by gavage with
approximately 7.0¢+09 to 3.0e+12 smEV particles. Altematively, smEVs are administered
intravenously. Mice receive smEVs daily, weekly, bi-weekly, monthly, bi-monthly, or on
any other dosing schedule throughout the treatment period. Mice may be 1V imjected with
smEVs in the tail vein, or duectly injected into the tumor. Mice can be mjocted with smaEVs,
with or without live bacienia, and/or smEVs with or without inactivated/weakened or killed
bacterta. Mice can be injected or orally gavaged weekly or once a month. Mice may receive
combinations of purified smEVs and live bacteria to maximize fumor-killing potential. All
mice are housed under specific pathogen-free conditions following approved protocols.
Tumor size, mouse weight, and body temperatare are monitored every 3-4 days and the mice
are humanely sacrificed 6 weeks after the B16-F10 mouse melancma cell injection or when
the volume of the primary tumor reaches 1000 mum3. Blood draws are taken weekly and a
full necropsy under sterile conditions is performed at the termination of the protocol.

1479 Cancer cells can be easily visualized m the mouse B16-F10 melanoma model
due to their melanin production. Following standard protocols, tissue samples from lymph
nodes and organs from the neck and chest region are collected and the presence of micro-
and macro-metastases is analyzed using the following classification rele. An organ is
classified as positive for metastasis if at least two micro-metastatic and one macro-metastatic
tesion por lymph node or organ are found. Micro-metastases are detected by staining the
paraffin-embedded fymphoid tissue sections with hematoxylin-cosin following standard
protocols known to one skilled in the art. The total munber of metastases is correlated to the
volume of the primary tumor and it is found that the tumor volume corrclates significantly

with tumor growth time and the number of macro- and micro-metastases in lymph nodes and
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visceral organs and also with the sum of all observed metastases. Twenty-five different
metastatic sites are identified as previcusly described (Bobek V., et al.| Svngeneic lymph-
node-targeting model of green fluorescent protein-expressing Lewis fung carcinoma, Chin.
Exp. Metastasis, 2004;21(8):.705-8).

{480] The tumor tissue samples are further analyzed for tumor wfiltrating
tymphocytes. The CD8+ cytotaxic T cells can be isolated by FACS and can then be further
analvzed using customuzed p/MHC class T mucroarrays to reveal theur antigen specificity {see
e.g., Deviren G, et al,, Detection of antigen-specific T cells on p/MHC microarrays, . Mol
Recognit., 2007 Jan-Feb:20(1):32-8). UD4+ T cells can be analyzed using customized
p/MHC class IE microarrays.

[481] At various tunepomts, mice are sacrificed and tumaors, lvmph nodes, or other
tissues may be removed for ex vive flow cyviometric analysis using methods known in the art,
For example, tumors are dissociated using a Milienyi tumor dissoctation enzyme cocktail
according to the manufacturer’s instructions. Tumor weights are recorded and tumors are
chopped then placed 1o 13 tubes comtaining the enzyvme cocktail and placed on ice.
Samples are then placed on a gentle shaker at 37°C for 45 minutes and quenched with up to
15ml complete RPMI. Each cell suspension is strained through a 70wm filter into a 50mi
falcon tube and centrifuged at 1600 rpm for 10 nunutes. Cells are resuspended 1n FACS
buffer and washed to remove remaining debris. If necessary, samples are strained again
through a second 70um filter into a new tube. Cells are stained for analvais by fHow
cytometry using techaoigues known in the art. Staining antibodies can include anti-CD1lc
{dendritic cells), anti-CDRO, anti-CDRO, anti~-CH40, anti-MHCIE, anti-CD8a, anti-CD4, and
anti-CD103. Other markers that may be analyzed include pan-impume cell marker CD45, T
cell markers {(CD3, CD4, CDE, D25, Foxp3, T-bet, Gata3, Roryt, Granzyme B, CDO6S, PD-
1, CTLA-4), and macrophage/myeloid markers (CD1 b, MHCH, CD206, CD40, CSFIR,
PD-L1, Gr-1). In addition to imnumophenotyping, serum cytokines can be analyzed
inchuding, but not hmited to, TNFa, IL-17, 1L-13, IL-12p70, 1L12p40, IL-10, IL-6, IL-3, HL-
4, IL-2, IL-1b, IFNy, GM-CSF, G-CSF, M-CSF, MIG, IP10, MiP1b, RANTES, and MCP-1.
Cytokine analysis may be carried out immune cells obtained from lvmph nodes or other
tissue, and/or on purified CD45+ tumor-infiltrated immune cells obtained ex vivo. Finally,
immunchistochemistry is carried oat on tumor sections to measure T cells, macrophages,

dendritic cells, and checkpoint molecule proten expression.
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{482} The same experiment s also performed with a mouse model of multiple
pulmonary melanoma metastases. The mouse melanoma cell hne B16-BL6 15 obtained from
ATCC and the colls are cultured in vitro as described above. Female C57BL/6 mice are used
for thus experiment. The mice are 6-8 weeks old and weigh approximately 16-20 g. For
tumor development, each mouse is injected mio the tail vein with 100 ul of a 2E6 cells/ml
suspension of B16-BL6 cells. The tumor cells that engraft apon IV injection end up in the
tungs.

{483} The mice are humanely killed after 9 days. The lungs are weighed and
analyzed for the presence of pulmonary nodules on the tang surface. The extracted hings are
bicached with Fekete's solution, which does not bleach the tumor nodules because of the
melanin 1o the B16 cells though a small fraction of the nodules 1s amelanotic (1.e. white}.
The namber of tumor nodules is carefully counted to determine the tumor burden in the
mice. Typically, 200-250 palmonary nodules are found on the lungs of the control group
mice (1.¢. PBS gavage).

{484] The percentage tumor burden is calculated for the various treatment groups.
Percentage tumor barden is defined as the mean munber of pulmonary nodules on the lang
surfaces of mice that belong to a treatment group divided by the mean number of pulmonary
nodules on the lung surfaces of the control group mice.

{485} The tumor biopsies and blood samples are submitted for metabolic analysis
via LCMS technigues or other methods known in the art. Differential levels of amino acids,
sugars, lactate, among other metabolites, between test groups demonstrate the ability of the
microbial composition to disrupt the tumor metabolic state.

RNA Seq o Determine Mechayism of Action

{486} Dendritic cells are purified from tumors, Peyers patches, and mesenteric
fvmph nodes. RN Aseq analysis is carried out and analyzed according to standard techniques
known to one skilled i the art (£. Hou. Scientific Reports. 5(9570):do1:10.1038/srep09570
{2015)). In the analysis, specific attention is placed on innate inflammatory pathway genes
inchiding TLRs, CLRs, NLRs, and STING, cytokines, chemokines, antigen processing and
presentation pathways, cross presentation, and T cell co-stimulation.

487} Rather than being sacrificed, some mice may be rechallenged with tumor cell
injection into the contralateral flank {or other area)} to determine the impact of the inunune

System’s memary response on tumor growth.
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Example 23: Administering smEVs t6 treat mouse tumeoer models in combination with

£5-1 or PD-L1 inhibition

[488] To determine the efficacy of smEVs in tumor mouse models in combination
with PD-1 or PD-L1 intubition, a mouse tumor model may be used as desceribed above.
{489} smEVs are tested for thewr efficacy in the mouse tumor model, either alone or
in combination with whole bacterial cells and with or without anti-PD-1 or anti-PD-L.1.
smEVs, bacterial cells, and/or anti-PD-~1 or anti-PD-L1 arc admuustered at varied time
points and at vaned doses. For example, on day 10 after tumor imjection, or after the tumor
volume reaches 100mm?, the mice are treated with smEVs alone or in combination with
anti-PD-1 or anti-PD-L1

[496] Mice may be administered smEVs orally, intravenously, or intraturaoratly.
For example, some mice are intravenousty ijected with anywhere between 7.0¢+09 to
3.0e+12 smEV particles. While some mice receive smEVs through 1.v. injection, other mice
may receive smEBEVYs through intraperitoneal {1.p.) injection, subcutaneous {s.¢.) injection,
vasal route adoinistration, oral gavage, or other means of admunistration. Some mice may
receive smEVs every day (e.g., starting on day 1), while others may receive smEVs at
alternative mtervals {¢.g., every other day, or once every three davs). Groups of mice may be
adounistered a pharmaccutical composition of the mvention comprising a mixture of smEVs
and bacterial cells. For example, the composition may comprise smEV particles and whole
bacteria in a ratio from 111 (smEVs: bactertal cells) to 1-1x10'1 (smEVs: bacterial cells).
{491} Alternatively, some groups of mice may receive between 1x10% and 5x107
bacterial cells in an admmistration separate from, or conungled with, the smEV
admunistration. As with the smEVs, bactenial cell admimstration may be varied by route of
administration, dose, and schedule. The bacterial cells may be live, dead, or weakenad. The
bacterial cells may be harvested fresh (or frozen) and adounistered, or they may be irradiated
or heat-killed prior to administration with the smEVs.

{492} Some groups of mice are also mjected with effective doses of checkpoint
inhibitor. For example, mice receive 100 ug anti-PD-L1 mAB (clone 10£9¢2, BioXCell) or
another anti-PD-1 or anti-PD-L1 mAB i 100 pl PBS, and some mice recetve vehicle and/or
other appropriate control (¢.g., control antibody}. Mice are injected with mABs 3, 6, and 9
days after the initial injection. To assess whether checkpoint inhibition and smEV
immunotherapy have an additive anti-tumor effect, control mice receiving anti-FD-1 or anti-

PD-L1 mABs are included to the standard control panel. Primary (tumor size) and secondary

141



WO 2021/252860 PCT/US2021/036956

{tumor wfiltrating lymphocvies and cytokime analysis) endpoints are assessed, and some
groups of mice may be rechallenged with a subsequent tamor eell inocolation to assess the

gffect of treatment on MEMOrY 1ESPONSE.

Example 26: Labeling bacterial smEVs

{493} smEVYs may be labeled in order to track their biodistribution i vive and to
quantify and track cellular localization in various preparations and in assays conducted with
mammalian cells. For example, smEVs may be radio-labeled, incubated with dves,
fluorescently labeled, immescently labeled, or labeled with conpugates containing metals
and isotopes of metals.

1494} For example, smFE Vs may be mcubated with dves conjugated to functional
groups such as NHS-ester, click-chemistry groups, streptavidin or biotin. The labeling
reaction may occur at a variety of temperatures for minutes or hours, and with or without
agitation or rotation. The reaction may then be stopped by adding a reagent such as bovine
scrum atbumin (BSA), or similar agent, depending on the protocel, and free or unbound dye
molecule removed by ultra-centrifugation, filtration, centrifugal filtration, cohamn affinity
purification or dialysis. Additional washing steps involving wash buffers and vortexing or
agitation may be emploved to ensure complete removal of free dyes molecules such as
described in Su Chul Jang et al, Small. 11, No 4, 456-461(2017).

{495} Fluorcscently labeled smEVs are detected in cells or organs, or in in vifro
and/or ex vivo samples by confocal microscopy, nanoparticle tracking analysis, flow
cvtometry, fluorescence activated cell sorting (FACs) or fluorescent imaging system such as
the Odyssey CLx LICOR {sec ¢.g., Wiklander et al. 2015, §. Extracellular Vesicles.
4:10.3402/jev.v4.26316). Additionally, flucrescently labeled smEVs are detected in whole
antmals and/or dissected organs and tissues using an instrument such as the IVIS spectrum
CT (Porkin Elmer)} or Peart Imager, as in H-L Choj, et al. Experimental & Mbplecular
Medicine. 49 €330 (2017},

{496} smEVYs may be labeled with conjugates containing metals and isotopes of
metals using the protocols described above. Metal-conjugated smEVs may be administered
in vivo to animals. Cells may then be harvested from organs at various time-points, and
analyzed ex vivo. Alternatively, cells derived from animals, humans, or immortalized cell
limes may be treated with metal-labelled smEVs in vifro and cells subsequently labelled with

metal-conjugated antibodics and phenotyped using a Cvtometry by Time of Flight (CyTOF)
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mstrument such as the Helios CyTOF (Fluidigm) or imaged and analvzed using and Imaging
Mass Cytometry mstrument soch as the Hyperion Imaging System (Fluidigm}. Additionally,
smEVs may be labelled with a radioisotope to track the smEVs biodistribution (see, e.g.,

Miller et al., Nanoscale. 2014 May 7:6(9):4928-35).

Example 27; Trapsmission eleciron microscopy to visualize purified bacterial smEVYs

{497} smEVs are purified from bacteria batch cultures. Transmussion electron
microscopy (TEM) may be used to visualize purified bacterial smEVs (8. Bin Park, et al.
PLOS ONE. 63317629 (201 1), smEVs are mounted onto 300- or 400-mesh-size carbon-
coated copper grids {Electron Microscopy Sciences, USA) for 2 minutes and washed with
deionized water. smEVs are negatively stained using 2% {(w/v} uranyl acetate for 20 sec — 1
noin. Copper grids are washed with sterile water and drnied. Fmages are acquired using a
transmission electron microscope with 160-120 kV acceleration voltage. Stained smEVs
appear between 20-600 nm in diameter and are electron dense. 10-30 ficlds on cach grid are

screened.

Example 28; Profiling smEVY composition and conteng

{498} smEVs may be characterized by any one of various methods meluding, but
not fanited to, NanoSight characterization, SDS-PAGE gel electrophoresis, Western blot,
ELISA, liguid chromatography-mass spectrometry and mass spectrometry, dynamie light
scattering, hipid levels, total protein, lipid to protein ratios, micleic acid analysis and/or zeta
potential.

NanoSight Characterization of smEVs

{499] Navoparticle tracking analvsis (NTA) is used to characterize the size
distribution of purified smEVs. Purified smEV preparations are run on a NanoSight machine
{(Malvern Instnuments) to assess smEV size and concentration.

SDS-PAGE Gel Electrophoresis

[506] To dentify the protein components of purified smEVs, samples are run on a
gel, for example a Bolt Bis-Tris Plus 4-12% gel (Thermo-Fisher Scientific), using standard
techniques. Samples are boiled in 1x SDS sample buffer for 10 minutes, cooled to 4°C, and
then centrifuged at 16,000 x g for 1 min. Samples are then run on a SDS-PAGE gel and
stained using one of several standard techmiques (¢.g., Silver staining, Coomassie Blue, Gel

Code Blue) for visualization of bands.
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Western blot analysis

{501} To identify and quantify specific protein components of parified smEVs,
smEV proteins are separated by SDS-PAGE as described above and subjected to Westem
blot analvsis (Cvjetkovic et al,, Sci. Rep. 6, 36338 (2016)) and are quantified via ELISA.
smEV proteomics and Liguid Chromatographv-Mass Spectrometry (LC-MSMS) and Mass
Spectrometry (MS)

{502} Proteins present in smEVs are identified and quantified by Mass
Spectrometry technigues. smEV proteins may be prepared for LC-MS/MS using standard
technigues inclading protein reduction using dithiotreitol solotion (DTT) and protein
digestion using enzymes such as LysC and trypsin as described in Erickson et al, 2017
(Molecular Cell, VOLUME 63, ISSUE 2, P361-370, JANUARY 19, 2017). Alteroatively,
peptides are prepared as described by Lin et al. 2010 JOURNAL OF BACTERIOLOGY,
Fune 2010, p. 2852-2860 Vol. 192, No. 11}, Kieselbach and Oscarsson 2017 (Data Brief.
2017 Feb; 10: 426-431)), Vildhede ot al, 2018 (Drug Metabolism and Disposition February
8, 2018). Following digestion, peptide preparations are run directly on liguid
chromatography and mass spectrometry devices for protein identification within a single
samaple. For relative quantitation of proteins between samples, peptide digests from different
saraples are labeled with isobaric tags using the 1TRAQ Reagent-8plex Multipiex Kit
{Applicd Biosystems, Foster City, CA) or TMT 10plex and 1iplex Label Reagents (Thermo
Fischer Scientific, San Jose, CA, USA}. Each peptide digest is labeled with a different
isobaric tag and then the labeled digests are combined mto one sample mixtur. The
combined peptide roixture is analyzed by LC-MS/MS for both wdentification and
quantification. A database search is performed using the LC-MS/MS data o identify the
labeled peptides and the corresponding proteins. In the case of isobanc labeling, the
fragmemntation of the attached tag generates a low molecular mass reporter 1on that is used to
obtain a relative quantitation of the peptides and proteins present in each smEVY.

{563} Additionally, metabolic content is ascertained using lignud chromatography
techniques combined with mass spectrometry. A variety of techniques oxist to determine
metabolomic content of vartous samples and are known to one skilled i the art involving
solvent extraction, chromatographic separation and a variety of wonization technigues
coupled to mass determination {Roberts et al 2012 Targeted Metabolomics. Carr Protoc Mol
Biol. 30: 1-24; Dettmer ot al 2007, Mass spectrometry-based metabolomics. Mass Spectrom

Rev. 26{1):51-78). As a non-limiting example, a LC-MS system includes a 4000 QTRAP
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triple gquadrapole mass spectrometer {AB SCIEX) combined with 1100 Series pump
(Agilent) and an HTS PAL autosampler (Leap Technologies). Media samples or other
complex metabolic mixtures {~10 ul) are extracted using nine volumes of 74.9:24 9:0.2
(v/v/v}) acetonitrile/methanol/formic acid containing stable sotope-labeled mtemal standards
{valine-d8, Isotec; and phenylalanine-d8, Cambridge Isotope Laboratories). Standards may
be adjusted or modified depending on the metabolites of wnterest. The samples are
centrifuged (10 minutes, 9,000g, 4 °C), and the supernatants {10 pL) are subnutied to LCMS
by injecting the solation onto the HILIC colummn (150 x 2.1 ram, 3 um particle size}. The
column is eluted by flowing a 3% mobile phase [10mM ammonium formate, 0.1% formic
acid in water| for 1 munute at a rate of 2530ul/minute followed by a linear gradient over 10
minutes to a solution of 40% mobile phase [acetonitrile with 0.1% formic acid]. The on
sprav voliage is set to 4.5 kV and the source temperature is 450 °C.

{504} The data are analyzed using commercially available software like Mudtiguant
1.2 from AB SCIEX for mass spectrum peak integration. Peaks of interest should be
manually curated and compared to standards to confirm the identity of the peak.
Cuantitation with appropriate standards 1s performed to determine the mumber of metabolites
present in the initial media, after bacterial conditioning and after tamor cell growth. A non-
targeted metabolonucs approach may also be used using metabolite databases, such as but
not umted to the NIST database, for peak identification.

{565] Dymamic light scattering (DLS)

{506} DLS measurements, including the distribution of particles of different sizes in
different soEVY preparations are taken using instruments such as the DynaPro NanoStar
{(Wyatt Technologyv) and the Zetasizer Nano Z8 {Malvern Instraments).

Lipid Levels

15074 Lipid levels are quantified using FM4-64 (Life Technologies), by methods
similar to those deseribed by A J. McBroom ef af. J Bacteriol 188:5385-5392. and A. Frias,
et al. Microb Ecol. 59:476-486 (2010). Samples are incubated with FM4-64 (3.3 pg/mL in
PBS for 10 nunutes at 37°C in the dark). After excitation at 515 nm, omission at 633 nm is
measured using a Spectramax M3 plate reader (Molecular Devices). Absolute concentrations
are determined by comparison of unknown samples to standards {such as
palmitoyloleoviphosphatidylgtyeersl (POPG) vesicles) of known concentrations. Lipidomics

can be used to identify the lipids present i the smEVs.
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Yot Protein

{508} Protein levels are quantified by standard assays such as the Bradford and
BCA assays. The Bradford assays are run using Quick Start Bradford 1x Dye Reagent (Bio-
Rad}. according to manufacturer’s protocols. BCA assays are run using the Pierce BCA
Protein Assay Kit (Thermo-Fisher Scientific). Absolute concentrations are determuned by
comparison to a standard curve generated from BSA of known concentrations. Alternatively,
protein concentration can be calculated using the Beer-Lambert equation using the sample
absorbance at 280nm (A280) as measured on a Nanodrop spectrophotometer (Thermo-
Fisher Scientific) In addition, proteomics may be vsed to lentify proteins in the sample.
Lipid: Frotein Ratios

[509] Lipid:protein ratios are generated by dividing liypid concentrations by protein
concentrations. These provide a measure of the purity of vesicles as compared to free protein
in each preparation.

Nucleic acid analysis

{510} Nucleic acids are extracted from saEVs and quantified using a Qubut
fluorometer. Size distribution 1s assessed using a BioAnalyzer and the material is seqaenced.
Zeta Potential

511} The zeta potential of difterent preparations are measured using nstruments

such as the Zetasizer 28 (Malvern Instruments}.

Example 29; In vitro screening of smEVs for enhanced activation of dendyitic cells

{812} fn vitro tramune responses are thought to simulate mechanismas by which
imuane responses are induced i vive, e.g., as in response 0 a cancer microenvironment.
Briefly, PBMCs are 1solated from heparinized venous blood from healthy donors by gradient
centrifugation usmg Lymphoprep (Nycomed, Oslo, Norway), or from raouse spleens or bone
marrow using the magnetic bead-based Human Blood Dendritic cell 1solation kat {(Miltenyi
Biotech, Cambridge, MA). Using anti-human CD14 mAb, the monoeytes are punified by
Moflo and cultured in ¢cRPMI at a cell density of 5e3 cells/ml in a 96~well plate (Costar
Corp}) for 7 days at 37°C. For maturation of dendritic cells, the culture 1s stimulated with 0.2
ng/mok I1-4 and 1000 U/ml GM-CSF at 37°C for one week. Altematively, maturation is
achicved through incubation with recombinant GM-CSF for a week, or using other methods
known in the art. Mouse DCs can be harvested directly from spleens using bead enrichment

or differentiated from hematopotetic stem cells. Briefly, bone marrow may be obtained from
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the femurs of mice. Cells are recovered and red blood cells Tysed. Stem cells are cuttured in
cell culture medium in 20ng/ml mouse GMCSF for 4 days. Additional medivm containing
20ng/mt mouse GM-CSF 15 added. On day 6 the medium and non-adherent cells are
removed and replaced with fresh cell culture medium containing 20ng/mt GMCSF. A final
addition of coll culture medinm with 20ng/ml GM-CSF 15 added on day 7. On day 10, non-
adherent cells are harvested and seeded into cell culture plates overnight and stimulated as
requited. Dendritic cells are then treated with various doses of smEVs with or without
antibiotics. For example, 25-75 ug/ml. smEVs for 24 hours with antibiotics. smEV
compositions tested may include smEVs from a single bacterial species or strain, or 3
mixture of smEVs from one or more genus, 1 or more species, or 1 or more strains {€.g., one
or more strains within one species). PBS is included as a negative control and LPS, anti-
D40 antibodics, and/or smEVs are used as positive controls. Following mmcubation, DCs
are stained with anti CD b, CD1ic, D103, CD8a, CDMO, DO, CDIR3, DR, MHCT and
MHCH, and analyvzed by flow cytometry. BCs that are significantly increased in CD40,
CD80, CD83, and CD8G as compared to negative controls are considered to be activated by
the associated bacterial smEV composition. These experiments are repeated three times at
i,

513] To screen for the ability of smEV-activated epithelial cells to stimulate DCs,
the above protocol is followed with the addition of a 24-hour epithehal cell smEV co-culture
prior to incubation with BCs. Epithelial cells are washed after mcubation with smEVs and
are then co-cultured with DCs in an absence of smEVs for 24 hours before being processed
as above. Epithelial cell lines may mclude Intd407, HEL293, HT29, T84 and CACO2.

514} As an additional measure of DC activation, 160 y of colture supernatant is
removed from wells following 24-hour incubation of DCs with smEVs or smEV-treated
eptthelial cells and is analvzed for seereted cytokines, chemokines, and growth factors using
the multiplexed Luminex Magpix. Kit (EMD Millipore, Darmstadt, Germany). Briefly, the
wells are pre-wet with buffer, and 25 ul of Ix antibody-coated magnetic beads are added and
2x 200 ul of wash buffer are performed i every well using the magnet. 50 ul of Incubation
buffer, 50 pl of diluent and 50 ul of samples are added and mixed via shaking for Zhrs at
room temperatare in the dark. The beads are then washed twice with 200 ul wash buffer. 100
il of 1X biotinylated detector antibody is added and the suspension is incubated for 1 hour
with shaking in the dark. Two, 200 ul washes are then performed with wash butfer. 100 i

of Ix SAV-RPE reagent 1s added to cach well and is incubated for 30 mun at RT in the dark.
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Three 200 ul washes are performed and 125 pl of wash buffer s added with 2-3 min shaking
oecurs. The wells are then submitted for analysis in the Luminex xMAP system.

515} Standards allow for carcful quantitation of the cytokines mchiding GM-CSF,
IEN-g, IFN-g, IFN-B, lL-la, H~1B, 1L-2, L4, [L-5, [L-6, [L-8, {L~10, IL-13, [L-12
{(pd0/p70), TL~17A, TL-17F, TL-21, TL-22 11.-23, 11-25, TP-10, KC, MCP-1, MIG, MiPla,
ThNFa, and VEGF. These cyiokines are assessed in samples of both mouse and human onigin.
Increases in these cytokines in the bacterial treated samples indicate enhanced production of
proteins and cvtokines from the host. Other vanations on this assay examining specific cell
types abihity to release cytokines are assessed by acquiring these cells through sorting
methods and are recognized by one of ordinary skill in the art. Furthermore, cytokine mRNA
is also assessed to address cytokine release m response to an smEV composition.

{816} This DC stimulation protocol may be repeated using combinations of purified

smEVs and live bacterial straims to maximize immune stimulation potential.

Example 30: In vitro screening of smEVs for enhanced activation of CD8+ T cell killing

when incubated with tumor cells

517} In vitro methods for sereening smEVs that can activate CD8+ T cell killing of
tumeor cells are described. Briefly, DCs are isolated from human PBMCs or mouse spleens,
using technigues known in the art, and meubated in virro with single-strain smEVs, mixtures
of smEVs, and/or appropriate controls. In addition, CD8&+ T cells are obtained from human
PBMCs or mouse spleens using technigoes known in the art, for example the magnetic bead-
based Mouse CDRa+ T Cell Isolation Kit and the magnetic bead-based Human CD&+ T Cell
Isolation Kit (both from Milienyi Biotech, Camabudge, MA). Afier incubation of DCs with
smEVs for some time {e.g., for 24-hours}, or incubation of DCs with smEV-stimulated
epithelial cells, smEVs are removed from the cell culture with PBS washes and 100ul of
fresh media with antibiotics is added to cach well, and 200,000 T cells are added to each
experimental well in the 96-well plate. Anti-CD3 antibody 1s added at a final concentration
of Zug/ml. Co-cultures are then allowed to mcubate at 37°C for 96 hours under normal
oxygen conditions.

{518] For example, approxunately 72 hours into the coculture mcubation, tumor
cells are plated for use in the assay using techmiques known in the art. For example, 50,000
tamor cells/well are plated per well in new 96-well plates. Mouse tumor cell lines used may

include B16.F10, SIY+ B16.F10, and others. Human tumor cell lines are HLA -matched to

148



WO 2021/252860 PCT/US2021/036956

donor, and can include PANC-1, UNKPC260//461, UNKC, and HELA cell hnes. After
completion of the 96-howur co-culture, 100 pl of the CD8+ T cell and DC mixture is
transterred to wells containing tumor cells. Plates are incubated for 24 hours at 37°C under
normal oxygen conditions. Stayrospaurine may be used as vegative control to account for
cell death.

{519} Following this incobation, flow cvtometry is used to measure tumor cell
death and characterize immune cell phenotype. Briefly, tumor cells are stained with viability
dve. FACS analysis is used to gate specifically on tumor cells and measure the percentage of
dead (killed) tumor celis. Data are also displaved as the absohste number of dead tumor cells
per well. Cytotoxic CD8+ T cell phenotype may be characterized by the following methods:
a) concentration of supernatant granzyme B, IFNy and TNFa in the culture supernatant as
described below, by CDE+ T cell surface expression of activation markers such as DC69,
D25, CD 154, PD-1, gamma/delta TCR, Foxp3, T-bet, granzyme B, ¢} intraceliular
cytokine staining of IFNv, granzyme B, TNFa in CD8+ T cells. CD4+ T cell phenotype may
also be assessed by intracellular cvtokine staining in addition to supernatant cyiokine
concentration inchuding INFy, TNFa, 1L-12, IL-4, IL-5, 1L-17, IL-10, chemokines eic.

{520 As an additional measure of DR+ T cell activation, 100 pl of culture
supernatant is removed from wells following the 96-hour incubation of T cells with DCs and
is analyzed for secreted cytokines, chemokines, and growth factors using the multiplexed
Luminex Magpix. Kit (EMD Millipore, Darmstadt, Germany}. Briefly, the wells are pre-wet
with buffer, and 25 ul of Ix antibody-coated magnetic beads are added and 2x 200 pd of
wash buffer are performed m every well using the magnet. 50 pl of Tncubation butfer, 50 yl
of dituent and 50O pl of samples are added and mixed via shaking for 2hrs at room
temperature 1o the dark. The beads are then washed twice with 200 pl wash buffer. 100 ul of
1 X biotinylated detector antibody is added and the suspension is incubated for 1 hour with
shaking in the dark. Two, 200 pl washes are then performed with wash buffer. 100 pl of Ix
SAV-RPE reagent is added to each well and 1s incabated for 30 min at RT in the dark. Three
200 pl washes are performed and 125 ul of wash buffer is added with 2-3 nun shaking
occurs. The wells are then submitted for analysis in the Luminex xMAP systont.

{521} Standards allow for careful quantitation of the cytokines mehuding GM-CSF,
IFN-g, IFN-a, IFN-B [L-1a, IL-1B, IL-2, L4 1L-5 1L-6, IL-8 IL-10, 1L-13, 1L-12
(p40/pT0), TL-17, TL-23, 1P-10, KC, MCP-1, MIG, MIPia, TNFa, and VEGF. These

cvtokines are assessed m samples of both mouse and human origin. Increases in these
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cvtokines in the bacteral treated samples indicate enhanced production of proteins and
cytokines from the host. (Other variations on this assay examining specific cell types ability
to release cytokines are assessed by acqguiring these cells through sorting methods and are
recognized by one of ordinary skill m the art. Furthermore, cytokine mRNA is also assessed
to address cviokine release in response to an smEV composition. These changes n the cells
of the host stimulate an tmmune response similarly to in vivo response in a cancer
microenvironment.

{822} This CDE+ T cell stimulation protocol may be repeated using combinations

of purified smEVs and live bacterial strains to maximize immune stimolation potential.

Example 31: In vitro screening of smEVs for enhanced tumor cell killing by PBMCs

[823] Various racthods may be used to screen smEVs for the ability to stimulate
PBMUs, which in tum activate CD8+ T cels to kill tumor cells. For example, PBMCCs are
isclated from heparinized venous blood from healthy human donors by ficoll-paque gradient
centrifugation for mouse or human blood, or with Lympholyte Cell Separation Media
{Cedarlane Labs, Ontario, Canada) from mwouse blood. PBMCs are mcubated with single-
strain smEVs, mintures of smEVs, and appropriate controls. In addition, D8+ T cells are
obtained from human PBMCs or mouse splesns. After the 24-hour incubation of PBMCs
with smEVs, smEVs are removed from the cells using PBS washes. 100u of fresh media
with antibiotics is added to cach well. An appropriate number of T eelis (e.g, 200,600 T
cells) are added to each experimental well in the 96-well plate. Anti-CB3 antibody 1s added
at a final concentration of Zug/ml. Co-cultures are then allowed to incubate at 37°C for 96
hours under normal oxygen conditions.

524} For example, 72 hours into the coculture incubation, 36,000 tamor cells/well
are plated per well in new 96-well plates. Mouse tumor cell lines used include B16.F14,
SEY+ B16.F10, and others. Human tumor celf lines are HLA-matched to donor, and can
include PANC-1, UNKPC960/961, UNKC, and HELA cell lines. After completion of the
96-hour co-culture, 100 pl of the CBE+ T cell and PBMU mixtare is transferred to wells
containing tumor cells. Plates are incubated for 24 hours at 37°C under normal oxygen
conditions. Staurospaurine is used as negative control to account for cell death.

{825] Following this mcubation, flow cytometry 1s used to measure tumor cell
death and characterize immune cell phenotype. Briefly, tumor cells are stained with viability

dve. FACS analysis is used to gate specifically on tumor cells and measure the percentage of
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dead (kalled) tumor cells. Dhata are also displaved as the absohste number of dead turmor cells
per well. Cytotoxic CD8+ T cell phenotype may be characterized by the following methods:
a) concentration of supernatant granzyme B, IFNy and TNFa in the culture supernatant as
described below, by CD8+ T cell surface expression of activation markers such as DC69,
D25, CD 154, PD-1, gamma/delta TCR, Foxp3, T-bet, granzyme B, ¢} intracellular
cytokine staining of IFNy, granzyme B, TNFa in CD8+ T cells. CD4+ T cell phenotype may
also be assessed by intracellular cvtokine stamning 1 addition to supermnatant cytokine
concentration including INFv, TNFa, 1L-12, IL-4, IL-5, 1L-17, IL-10, chemokines eic.

{526} As an additional measure of D8+ T cell activation, 100 pl of calture
supernatant is removed from wells following the 96-hour incubation of T cells with DCs and
is analyzed for secreted cytokines, chemokines, and growth factors using the multiplexed
Luminex Magpix. Kit (EMD Millipore, Darmstadt, Germany}. Briefly, the wells are pre-wet
with buffer, and 25 yl of Ix antibody-coated magnetic beads are added and 2x 200 pl of
wash buffer arc performed in every well using the magnet. 50 pl of Incubation buffer, 50 pl
of diluent and 50 pl of samples are added and nuxed via shaking for 2hus at room
temperature in the dark. The beads are then washed twice with 200 pl wash buffer. 100 uyl of
1X biotinyviated detector antibody s added and the suspension s incubated for 1 hour with
shaking in the dark. Two, 200 pl washes are then performed with wash buffor. 100 pl of Ix
SAV-RPE reagent 1s added to each well and is mcubated for 30 min at RT in the dark. Three
200 pl washes are performed and 125 pl of wash buffer is added with 2-3 min shaking
occurs. The wells are then submitted for analysis in the Luminex xMAP system.

827 Standards allow for careful quantitation of the cviokines including GM-CSF,
{FN-g, IFN-a, IFN-B IL-1a, IL-1B, IL-2, IL-4, IL-3, [L-6, [L-8, [L-10, [L-13, 1L-12
{(p40/p70), TL-17, TL-23, 1P-10, KC, MCP-1, MIG, MIPia, TNFa, and VEGF. These
cytokines are assessed m samples of both mouse and human origin. Increases n these
cyvtokines in the bacterial treated samples indicate enhanced production of proteins and
cvtokines from the host. Other vanations on this assay examining specific cell types ability
to release cytokines are assessed by acquiring these cells through sorting methods and are
recognized by one of ordinary skill in the art. Furthermore, cyviokine aRNA is also assessed
to address cytokine release in response to an smEV composition. These changes in the cells
of the host stimulate an immune response similarly to in vivo response in a cancer

microenvironment,
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{528} This PBMC stimulation protocol may be repeated using combinations of
purified smEVs with or without combinations of live, dead, or mactivated/weakened

bacterial strains to maximize inmune stimulation potential.

Example 32: In vitro detection of smEVs in antisen-presenting cefls

{529} Dendritic cells in the lamina propria constantly sample live bacteria, dead
bacteria, and microbial products in the gut lumen by extending their dendrites across the gut
cpithelium, which 15 one way that smEVs produced by bacteria in the mtestinal lumen may
directly stimulate dendritic cells. The following methods represent a way to assess the
differential uptake of smEVs by antigen-presenting cells. Optionally, these methods may be
applied to assess immunomodulatory behavior of smEVs admunistered to a patient.

{836] Dendritic cells (DCs) are isolated from human or mouse bone marrow, blood,
or spleens according to standard methods or kit protocols {e.g., lnaba K, Swiggard Wi,
Stemnman RM, Romani N, Schuler G, 2001, Isclation of dendritic cells. Carrent Protocols in
Immunology. Chapter 3:Unit3.7}.

{831} To evaluate smEV entrance mto and/or presence in DCs, 250,000 DCs are
seeded on a round cover slip in complete RPMI-1640 mednem and are then incubated with
smEVs from single bacterial strains or combinations smEVs at vartious ratios. Purified
smEVs may be labeled with fluorochromes or fluorescent proteins. After incubation for
various timepoints {¢.g., 1 hour, 2 hours), the cells are washed twice with ice-cold PBS and
detached from the plate using trypsin. Cells are either allowed to remain intact or are lysed.
Samples are then processed for flow cytometry. Total internalized smEVs are quantified
from lysed samples, and percentage of cells that uptake smEVs is measured by counting
fluorescent cells. The methods deseribed above may also be performed in substantially the
same manner using macrophages or epithelial cell lines (obtained from the ATCC) in place
of DCs.

Example 33: In vitro screening of smE Vs with an enhanced ability to activate NK cell

killing when mcubated with tarset cells

{532} To demonstrate the ability of the selected smEV compositions to elicit potent
NK cell cytotoxicity to tumor cells, the following 7z vifro assay is used. Brefly,
mononuclear cells from heparinized blood are obtained from healthy human donors.

Optionally, an expansion step to increase the numbers of NK cells is performed as
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previously described {e.g., see Somanschi et al.,.J Vis Fp. 2011,(483:2540). The cells may
be adjusted to a concentration of ,celis/ml tn RPMI-1640 medium contamning 5% human
serum. The PMNC cells are then labeled with appropriate antibodics and NX cells are
isolated through FACS as CD3-/CDS6+ colls and are ready for the subsequent cytotoxicity
assay. Altematively, NE cells are isolated using the autoMACs instrument and NK cell
isolation kit following manufacturer’s instructions (Miltenyl Biotec).

{533] NK celis are counted and plated in a 96 well format with 20,000 or more cells
per well, and incubated with single-strain smEVs, with or without addition of antigen
presenting cells {&.g., monocyies derived from the same donor}), smEVs from mixoures of
bactenial strains, and appropriate controls. After 5-24 hours incubation of NK celis with
smEVs, smEVs are removed from cells with PBS washes, NK cells are resuspended 1010
mi. fresh media with antibiotics and are added to 96-well plates contaning 20,000 target
tumor cells/well. Mouse tumor cell lines used include B16.F10, 8TY+ B16.F10, and others.
Human tumor cell lines are HLA-matched to donor, and can inclade PANC-1,
UNKPC960/961, UNKC, and HELA cell lines. Plates are incubated for 2-24 hours at 37°C
under normal oxygen conditions. Staurospaurine 1s used as negative control to account for
cell death.

1534) Following this incubation, flow cytometry is used to measure tumor ceil
death using methods known in the art. Briefly, tumor cells are stained with viability dye.
FACS analysis 1s used to gate specifically on tumor cells and measure the percentage of
dead (kifled) tomor colls. Data are also displayed as the absolute mumber of dead tumor cells
per well.

{535} This NK cell stimudation protocol may be repeated using combinations of

purified smEVs and live bacterial strains to maximize immune stimulation potential.

Example 34: Using in vitro immune aciivation assavs o predict in vive canger

immunotherapy efficacy of smEY compositions

{536 fn vifro inpnune activation assavs identify smEVs that are able to stimulate
dendritic cells, which in tum activate CD&+ T cell killing. Therefore, the i vifro assays
described above are used as a predictive screen of a large number of candidate smEVs for
potential immunotherapy activity. smEVs that display enhanced stiroulation of dendritic

cells, enhanced stimudation of CD&+ T cell killing, enhanced stimulation of PBMC killing,
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and/or enhanced stimulation of NK cell killing, are preferentially chosen for i vive cancer

wmmanotherapy efficacy studies.

IS37% Wild-type mice {e.g., C37BL/6 or BALB/¢) are orally inoculated with the
smEVY composition of interest to determine the iz vive biodistibution profife of purified
smEVs. smEVs are labeled to arde in downstream analyses. Altematively, twmor-bearing
mice or mice with some immune disorder (e.g., svstemic lupus ervthematosus, experimental
autoimmune encephalomyelitis, NASH) may be studied for in vive distribution of smEVs
OVer a given Hime-course.

1538} Mice can receive a single dose of the smEV (e.g., 25-100 ug) or several doses
over a defined time course (25-100 pg). Aliernatively, smEVs dosages may be administered
based on particle count {e.g., 7e+08 to 6e+11 particles). Mice are housed under specific
pathogen-free conditions following approved protocols. Alternatively, mice may be bred and
mamtained under sterile, gernm-~tree conditions. Blood, stool, and other tissue samples can be
taken at appropriate time points.

15391 The mice arc humanely sacrificed at various time points {(7.¢., hours to days}
post adonunistration of the smEVY compositions, and a full necropsy under sterile conditions
is performed. Following standard protocols, lymph nodes, adrenal glands, hiver, colon, small
intestine, cecam, stomach, spleen, kidnevs, bladder, pancreas, heart, skin, longs, brain, and
other tissue of interest are harvested and are used directly or snap frozen for further testing.
The tissue samples are dissected and homogenized to prepare single-~cell suspensions
following standard protocols known to one skilled in the art. The number of smEVs present
in the sample is then quantified through flow cytometry. Quantification may also proceed
with use of fluorescence microscopy afier appropriate processing of whole mouse tissue
{Vankelecom H., Fixation and paraffin-embedding of mouse tissues for GFP visualization,
Cold Spring Harb. Protoc., 2009). Alternatively, the animals may be analyzed using five-
imaging according to the smEV labeling technique.

[548] Biodistribution may be performed i mouse models of cancer such as but not
fimited to {T-26 and B16 {sce, ¢.2., Kim ¢t al., Nature Communications vol. §, no. 626
{2017} or antornumumnity such as but not limited to EAE and DTH (sec. e.g., Tugienman et al,

PLoS One 16(7): 00130442 (20105).
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Example 36: Manufacturing conditions

{541} Enriched media is used to grow and prepare the bacteria for in vifro and in
vivo use and, ultimately, for pmEVY and smEV preparations. For example, media may
countain sugar, veast extracts, plant-based peptones, buifers, salts, trace elements, surtactants,
anti-foaming agents, and vitamins. Composition of complex components such as yeast
cxtracts and pepiones may be undefined or partially defined (including approximate
concentrations of amino acids, sugars ete.}. Microbial metabolismo may be dependent on the
availability of resources such as carbon and nitrogen. Various sugars or other carbon sources
may be tested. Alternatively, media may be prepared and the selected bacteriom grown as
shown by Saarcla ef o/, J Applied Microbiology. 2005, 99: 1330-1339, which i3 hereby
incorporated by reference. Influence of fermentation time, crvoprotectant and neutralization
of cell concentrate on freeze-dryving survival, storage stability, and acid and bile exposure of
the selected bacterium prodaced without milk-based mgredients.

{542} At large scale, the media is sterifized. Stevilization may be accomplished by
Ultra High Temperature (UHT) processing. The UHT processing is performed at very bigh
temperature for short pertods of time. The UHT range may be from 135-180°C. For
gxample, the medium may be sterilized from between 10 to 30 seconds at 135°C.

{543] Inoculurn can be prepared in flasks or i smaller biorcactors and growth is
monitored. For example, the inoculum size may be between approximately 0.5 and 3% of
the total bioreactor volume. Depending on the application and need for matenal, bioreactor
volume can be at least 2L, 100, 80L. 1001, 2501, 1000L, 25001, 5000L. 10,000L.

[844] Betore the inoculation, the biorcactor is prepared with medium at desired pH,
temperature, and oxygen concentration. The initial pH of the culture medium may be
different that the process set-point. pH stress may be detrimental at low cell centration; the
inttial pH could be between pH 7.5 and the process set-point. For example, pH may be set
between 4.5 and 8.0, Durning the fermentation, the pH can be controlled through the use of
sodim hydroxide, potassium hydroxide, or ammontum hvdroxide. The temperatare may be
controlled from 25°C to 45°C, for example at 37°C. Anaerobic conditions are created by
reducing the level of oxygen m the culture broth from around 8mg/L to Omg/L. For example,
nitrogen or gas muxtures (N2, €02, and H2) may be used in order to establish anacrobie
conditions. Alternatively, no gases are used and anacrobic conditions are established by cells

consuming remaining oxygen from the medium. Depending on strain and inoculum size, the
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bioreactor fermentation tume can vary. For example, fermentation time can vary from
approximately 5 houors to 48 hours.

15451 Reviving microbes from a frozen state may require special considerations.
Production medium may stress cells after a thaw; a specific thaw medium may be required to
consistently start a seed train from thawed material. The kinetics of transfer or passage of
seed material to tresh medium, for the purposes of increasing the seed volume or
mamtaining the microbial growth state, may be influcnced by the current state of the
microbes {ex. exponential growth, stationary growth, unstressed, stressed),

{546} Inocelation of the production fermenter(s) can impact growth kinetics and
cellular activity. The witial state of the bioreactor system must be optimized to facilitate
successful and consistent production. The fraction of seed culture to total medium {cg.. a
percentage) has a dramatic mmpact on growth kinetics. The range may be 1-5% of the
fermenter’s working volume. The initial pH of the calture mediom may be different from the
process set-point. pH stress may be detrimental at low cell concentration; the nitial pH may
be between pH 7.5 and the process set-point. Agitation and gas flow into the system during
wnoculation may be different from the process set-points. Physical and chemical stresses dae
to both conditions may be detrimental at low cell concentration.

1547} Process conditions and control settings may influence the kinetics of
microbial growth and cellular activity. Shifts in process conditions may change membrane
composition, production of metabolites, growth rate, cellular stress, ete. Optimal temperature
range for growth reay vary with strain. The range may be 20-40 °C. Optimal pH for cell
growth and performance of downstream activity may vary with strain. The range may be pH
5-8. Gasses dissolved 1o the medium may be used by cells for metabolism. Adjusting
coneentrations of 02, CO2, and N throughout the process may be required. Availability of
outrients may shift cothular growth. Microbes may have altemate kinetics when excess
nutrients are avatable.

{848] The state of microbes at the end of a fermentation and during harvesting may
wmpact cell survival and activity. Microbes may be preconditioned shortly before harvest to
better prepare them for the physical and chemical stresses mvolved in separation and
downstream processing. A change in temperature {often reducing to 20-5 °C) may reduce
cellular metabolism, slowing growth (and/or death) and physiclogical change when removed
from the fermenter. Effectiveness of centrifugal concentration may be mfluenced by culture
pH. Raising pH by 1-2 points can improve effectivencss of concentration but can also be

i36
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detrimental to cells. Microbes may be stressed shortly before harvest by increasing the
concentration of salts and/or sugars in the medium. Cells stressed in this way may better
survive freezing and lvophilization during downstreant.

{5491 Scparation methods and technology may impact how efficiently microbes are
separated from the culture medium. Solids may be removed using centrifugation techniques.
Effectiveness of centrifugal concentration can be nfluenced by culture pH or by the use of
flocculating agents. Raising pH by 1-2 points may improve effectiveness of concentration
but can also be detrmental to celis. Microbes may be stressed shortlv before harvest by
ncreasing the concentration of salts and/or sugars in the mediam. Cells stressed in this way
may better survive freezing and fyophilization during downstream. Additionally, Microbes
may also be separated via filtration. Filtration is superior to centrifugation technigues for
punfication if the cells require excessive g-nunutes to successfully centrifuge. Excipients
can be added before after separation. Excipients can be added for cryo protection or for
protection during lyophilization. Excipients can include, but are not limited to, sucrose,
trebalose, or lactose, and these may be alicmatively mixed with buffer and anti-oxidants.
Prior to lvophilization, droplets of cell peliets mixed with excipients are submerged in liquid
nitrogen.

{5501 Harvesting can be performed by continuous centrifugation. Product may be
resuspended with vanous excipients to a desired final concentration. Excipients can be
added for cryo protection or for protection during lvophilization. Excipients can include, but
are not limited to, sucrose, trehalose, or lactose. and these may be alternatively mixed with
buffer and anti~oxidants. Prior to fyophilization, droplets of cell pellets mixed with
excipients are submerged in hquid mirogen.

{551} Lyvophilization of material, including live bacteria, vesicles, or other bacterial
derivative includes a freezing, primary drying, and secondary drying

phase. Lyophilization begins with freezing. The product material may or may not be mixe
with a lyoprotectant or stabilizer prior to the freczing stage. A product may be frozen prior to
the loading of the lyophilizer, or under controlied conditions on the shelf of the

tvophilizer, During the next phase, the primary drying phase, ice s removed via sublimation.
Here, a vacuum is generated and an appropriate amount of heat is sapplied to the material.
The ice will sublime while keeping the product temperature below freczing, and below the
material’s critical teraperature (1o}, The temperature of the shelf on which the material is

loaded and the chamber vacuum can be manipulated to achieve the desired product
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temperature. During the secondary drving phase, product-bound water yolecules are
removed. Here, the temperature 1s generally ratsed higher than in the primary drving phase
to break anv physico-chemical interactions that have formed between the water molecules
and the product material. After the frecze-drying process 18 coraplete, the chamber may be
filled with an mert gas, such as nitrogen. The product may be scaled within the freeze drver
under dry conditions, in a glass vial or other similar container, preventing exposure to

atmospheric water and contaminates.

Example 37: smEV and pmEVY preparation

1552] smEVs: Downstream processing of smEVs begins immediately following
harvest of the bioreactor. Centrifugation at 20,000 g 1s used to remove the cells from the
broth. The resulting supernatant is clarified using 0.22 um filter. The smEVs are
concentrated and washed using tangential flow filtration {TFF) with flat shect casscttes
ultrafiltration (UF) membranes with 100 kDa molecular weight cutoff (MWT0).
Daafiltration (DF) 15 used to washout small molecules and small proteins using 5 volumes of
phosphate buffer solution {PBS)}. The retentate from TEFF is spun down in an uliracentrifuge
at 200,000 g for 1 hour to form a pellet rich in smEVs called a high-spead pellet (HSP}. The
peliet 15 resuspended with minimal PBS and a gradient was prepared with optiprep™ density
gradient mediom and ultracentrifuged at 200,000 g for 16 hours. Of the resulting fractions, 2
middle bands contain smEVs. The tractions are washed with 15 fold PBS and the smEVs are
span down at 200,000 g for 1 hr to create the fractionated HSP or fHSP. | is subsequently
resuspended with minimal PBS, pocled, and analyzed for particles per mL and protein
content. Dosing s prepared from the particle / mL count to achieve desired concentration.
The smEVs are characterized using a NanoSight NS300 by Malvern Panalytical in scatter

mode using the 532 nm laser.

{553 pmEVs:

554} Cell pellets are removed from freezer and placed on ice. Pellet weights are
noted.

{S55) Cold 100 mM Tris-HCT pH 7.5 15 added o the frozen pellets and the pellets

are thawed rotating at 4°C.
{856] 10mg/od DNase stock 1s added to the thawed pelicts to a final concentration

of tmg/mL.
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{357} The pellets are incubated on the inverter for 40 min at RT (room
temperature}.

5581 The sample is fiftered in a 70um cell strainer before nmning through the
Emulsitiex.

[559] The samples ac lysed using the Enudsiflex with 8 discrete cycles at

22.000psi.

{560} To remove the cellular debris from the lysed sample, the sample is
centrifuged at 12,500 x g, 15 min, 4°C.

{561} The sample is centrifuged two additional times at 12,500 x g, 135 min, 4°C,

gach time moving the supernatant to a fresh tube.

562] To pelict the membranse proteins, the sample 1s contrifuged at 120,000 x g, |
hr, 4°C.

{563} The pellet is resuspended in 10 mL ice-cold 0.1 M sodium carbonate pH 11.
The sample is incubated on the inverter at 4°C for 1 hour.

[564] The sample is contrifuged at 120,000 x g, 1 hr, 4°C.

{565] 16 mL 100 mM Tris-HCH pH 7.5 15 added to pellet and incubate O/N

{overmight} at 4°C.

{566] The pellet is resuspended and the sample was centrifuged at 120,000xg for 1
hour at 4°C.

{567} The supernatant 1s discarded and the pellet was resuspended in a mupimal
volume of PBS.

[868] Dosing pmEVs is based on particle counts, as assessed by Nanoparticle
Tracking Analysis {NTA} asing a NanoSight N§300 (Malvern Panalvtical) according to
manufacturer structions. Counts for cach sample are based on at least three videos of 30
sec duration each, counting 40-140 particles per frame.

{569] Gamima irradiction: For gamma irradiation, pmEVs are prepared in frozen
form and gamma irradiated on dry ice at 25kGy radiation dose; whels microbe tvophilized
powder is gamma irradiated at ambient temperature at 17 3kGy radiation dosc.
Lyophilization: Samples are placed in Ivophilization equipment and frozen at -43 °C. The
tvophilization cvele included a hold step at ~45 °C for 10 min. The vacuum begins and 1s set
to 100 mTorr and the sample was held at -45 °C for another 10 nun. Primary drying begins

with a temperature ramp to ~25 °C over 300 munutes and it is held at this temperature for
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4630 min. Secondary drying starts with a temperature ramp to 20 °C over 200 min while the
vacuum 1s decreased to 20 wTorr. It is beld at this temperature and pressure for 1200 min.
The final step increases the temperatare from 20 to 25 °C where it remains at a vacuum of

20 mTorr for 10 mun.

Example 38: Oral Delivery of Harryilintia acefispora smE Vs and Whaole Bacterium
Strain A in U126 Tumor Studies

{570} Female 8 week old BALB/c mice were acquired from Taconic Biosciences
and allowed to acclimate at a vivarium for 1 weeks, On Day 6, nuce were anesthetized with
wsothurane, and inoculated subcutancously on the left flank with 1.0eS CT-26 cells (0.1mL)
prepared in PBS and Corning (GFR} Phenol Red-Free Matrigel (1:1}. Mice were allowed to
rest for 9 days post CT-26 inoculation to allow formation of palpable tumors. On Day 9,
tumors were measured using a sliding digital caliper to collect length and width in
measurements (in millimeters} to calculate estimated tamor volume ((LxWx

WY 23=TVmm3}). Mice were randomized into different treatment groups with a total of ¢ or
10 mice per group. Randomization was doue to balance all treatment groups, allowing cach
group to begin treatment with a similar average tumor volume and standard deviation.
Diosing began on Bay 10, and ended on Day 22 for 13 consecutive days of dosing. Mice
were orally dosed BID with H. acefispora smEVs or parental microbe, or Q4D
intraperitoneally with 200ug anti-mouse PD-1 antibody. Body weight and tumor
measurements were collected on a MWF (Monday-Wednesday-Friday) schedule. Dose of
smEVs was determined by particie count by NTA. Dose of parental microbe was
determined by total celi count (TCC).

{371} The Day 22 Tumor Volume Summary in Fig. 13 compares several doses of
H. acetispora smEY (25 to 2el 1) against {2) doses of respective parental microbe at
matched particle to TCC. Doses of H acefispora smEY (2¢5 to 2el1) showed significant
¢fficacy and were not significantly different than anti-PD-1. H. aqcetispora smEV (23} did
not show efficacy. Parental Microbe H. acetispora showed sigmficant efficacy at the 29
dose, but not at the 2e7 dose. Treatment with . acefispora smEVs at the 267 dose was
cfficacious, and had statistically significant efficacy over the parental microbe H. acetispora

at the matched dose.
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Example 39: Oral Delievery of Harryflintia acetispora Strain A smEVsin a FITC

Mouse Model of Cutancous Hypersensitivity
{

that antigen, for example, i the form of a skin allergy (e.g. dermatitis or atopic dermatitis or

o4

V721 Exposure of skin to an antigen can, over time, lead to an aliergic response to

I3

eczema) and/or n the form of a food allergy {sce e.g. Han ¢t al. The atopic march: current
insights into skin barrier dysfunction and epithelial celi-derived cytokines. Immunol. Rev.
2087 Julv 278(1 116130, Dow: 10,111 1/imr. 12546; Kawasaki et al. Skin inflammation
exacerbates food allergy symptoms 1o epicutancously sensitized mice. Allergy. 2018.
Bune;73(6):1313-1321. Doi: 10111 1/al.13404; Martel et al. Translational animal models of
atopic dermatitis for preclinical studics. Yale J. Biol. Med. 2017, Sept;90(3}:389-402; Jin et
al. Animal models of atopic dermatitis. I Invest. Dermatol. 2009, Jan: 129(1):31-40. Dot
10.1038/31d.2008.106).

{573} The effects of Harryflintia acetispora Strain A smEVs were studied 1n a

CETEY

helper type-2 contact hypersensitivity of Balb/c mice aggravated by dibutyl phthalate via
long-term dermal exposure. Feb. 3, 2014 hitps://dot.org/10.1371/joumal pone 0087887, Imai
et al. Effects of phthalate esters on the sensitization phase of contact hypersensitivity
induced by fluorescein 1sothiocyanate. Clin, Exp, Allergy. 2006 Nov: 36(11): 1462-8;
Dearman et al. Role of CD4+ T helper 2-type cells in cutancous mflammatory responses
induced by flaorescein isothiocynate. Immumology. 2000 Dec; 101{43:442-451. Dot
10.1046/1.1365-2567.2000.01126 x}.

874] Harryflintia acetispora Strain A smEVs were adomunistered by oral gavage,
and the effects of Harrvflintia acetispora Strain A smEVs on inflammation were analyzed.
Doses were based on particle count.

FITC-driven hypersensitivity Study Protocol:

{575] Mice were purchased from Taconic and allowed to acchimate to the vivarium
for at least 1 week prior to the start of the experiment. Mice were housed at 5 animals {or
fower) per cage. with cach cage constituting a different treatment group.

{576} On day 0, mice were anesthetized with isoflurane (one at a time) and their
backs were shaved.

1577} On day 1, a solution of 0.5 % FITC (w/v} was dissolved m adjuvant (dibutyl

phthalate (DBP)) and acetone (1:1}. To prepare the 0.5 % FITC, 250mg FITC was dissolved

iel
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m 25mi acetone. Once completely dissolved, 25mi of DBP was added and mixed by
vortexing.

{1578} On days 1 and 2, mice were sensitized on the back by applying 400 ul of the
0.5 % FITC solution with a pipette. Anacrobic sucrose served as the negative control,
Dexamethasone served as the positive control {Dexamethasone stock solution was prepared
by resuspending 25mg of dexamethasone {Sigma) in 1.6 ml of 96% cthanol}.

{879} On davs 1-6, mice were orally gavaged with vehicle (negative control, group
1} or Harryflintia acetispora Strain A smEVs (group 3 and 4), or injected mtraperitoneally

1.3 with Dexamethasone (posttive control, group 23 according to following study design:
Y B group g £ : g

Group | Sensitization | Challenge Test substance (treatment
0.5% FITC 0.5% days 1-6)
m 400 Ll FITC in
20ul
1 {(n=5} Day 1,2 Day 6 Vehicle {anerobic sucrose)
2 {0=35} Dayv 1,2 Dav 6 Dexamethasone (1mg/ke)
3 (n=5) Dav i, 2 Day o Harryflintia acetispora Stramn
A smEVYs 2E+10)
4 {(n=5}) Day 1,2 Bay 6 Harryflintia acetispora Stram
A smEVs (2ZE+07)

-
2

{580} In addition to the daily gavage {groups 1, 3 and 4} and 1.p. injection (group 2},
the mice were FITC-challenged on day 6 as follows: On day 6, cach mouse was anesthetized
with isoflurane and a baseline left car mcasurenent was obtained using calipers, and then 20
pl of §.5% FITC solution was applied on the left ear (2011 0.5% FITC (w/v) DBPacetone

{1:1) ("car challenge” or “FITC challenge™).

{581} On day 7, a 24-hour post ear challenge measurement was obtained using
calipers.
{5382} Results are shown in Fig, 14, Oral admmisteation of Harrvflintia acetispora

Stram A smEVs significantly reduced ear swelling at 24h post-FITC ear challenge.
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Example 48: Oral Delievery of Mevasphaera sp. Strain A smEVs and Harryflintia

geetisporag Strain A smEVs in a FITC Mouse Model of Cutaneous Hypersensitivity

FITC-driven hypersensitivity Study Protocol:

583} Mice were purchased from Taconic and allowed 1o acclimate to the vivarium
for at least 1 week prior to the start of the experiment. Mice were housed at 5 animals {or
fewer) per cage, with cach cage constituting a different treatment group.

{584} On day 0, mice were anesthetized with isoflurane {one at a time) and their
backs were shaved.

{585} On day 1, a solution of 0.5 % FITC (w/v} was dissolved m adjuvant (dibutyl
phthalate {DBP)} and acetone {1:1}. To prepare the 0.5 % FITC, 250mg FITC was dissolved
in 251l acetone. Once completely dissolved, 25ml of DBP was added and nuxed by
vortexing.

{586} On days 1 and 2, mice were sensitized on the back by applving 400 ul of the
0.3 % FITC solution with a pipetic. Anacrobic sucrose served as the negative control.
Dexamethasone served as the postiive control {(Dexamethasone stock solution was prepared
by resuspending 25mg of dexamethasone (Sigma) in 1.6 ml of 96% ethanol}.

1587} On days 1-6, mice were orally gavaged with vehicle (negative control, group
1} or Harryflintia acetispora Stramn A smEVs (group 3, 4 and 3}, or Megasphaera sp. Strain
A smEVs {group 6, 7 and 8) or injected intraperitoneally (i.p.) with Dexamethasone

{positive control, group 2) according to folowing study design:

Group | Sensitization | Challenge Test substance {treatment
0.5%FITC 0.5% days 1-6)
in 400 ul FITC in
200l
1 (n=5) Dav 1.2 Dav 6 Vehicle (anerobic sucrose)
2 {(n=5) Dav 1,2 Day 6 Dexamethasone (lmg/kg)
3 (n=5) Day 1,2 Day 6 | Harrvflintia acetispora Strain
A smEVs (ZE+09)
4 {n=5} Day 1,2 Day 6 Horryflintio acetispora Strain
A smEVs (2E+07)
5 {n=5} Day 1,2 Bay 6 Harryflintia acefispora Stram
A smEVs (2E+05)
6 (n=5) Day 1.2 Day 6 | Megasphaera  sp. Strain A
smEVs (2E+09)
7 (n=5) Dav i, 2 Day 6 Megasphaera  sp. Strain - A
sEVs (2E+07)
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8 (=3} Day 1,2 Bay 6 | Megasphaere  sp. Strain A
smEVs (ZE+05}
{588} In addition to the daily gavage {groups 1, 3, 4, 5, 6, 7 and 8} and 1.p. injection

{group 2), the mice were FITC-challenged on day 6 as follows: On day 6, cach mouse was
anesthetized with isoflurane and a bascline left ear measurement was obtained using
calipers, and then 20 pl of §.5% FITC solution was applied on the left ear (2011 0.5% FITC
{(w/v) DBF.acetone (1:1} (“ecar challenge” or “FITC challenge™).

{589] On day 7, a 24-hour post car challenge measurement was obtained using
calipers. Mice were cuthanized and mesenteric lymph nodes single cell suspensions were
restimulated with PMA/fonomycin for 48h and supernatants were collected for downstream
cytokine analyses using MSD (Meso Scale Discovery, Catalog# K150691.-2) according o
manufacturer’s instractions.

{S9¢} Results are shown in Fig. 15, Oral adnunistration of Harryflintia

acefispora Strain A smEVs and Megasphaera sp. Strain A smEVs significantly reduced car
swelling at 24h post-FITC car challenge.

{5391} Compared to the vehicle group, Harryflintic acetispora Strain A smEVs and
Megasphaera sp. Strain A smEVs treatment reduced cyvtokine levels for -4, 1L-5 1113, 1L~
10, and TL-33 in the mesenteric bymph nodes (mLNs) (Figs. 16A-16E).

{592} Megasphaera sp. Strain A used in this example 1s Megasphaera sp. Strain A
(ATCC Deposit Namber PTA-126770).

Example 41; Harrvflintic acetispora Strain A smE Vs require ensazement of the TLR2

receptor for efficacy

{593} Female 5 week old C57BL/6 mice were purchased from Taconic Biosciences
and acclimated at a vivarium for one week, Mice were primed with an eowlsion of KLH and
CFA (1:1) by subcutancous immunization on day . Mice were treated with anti~TLR2
{Toll-like receptor 2} antibodies Clone COA 12 (100 pL IP; 2Zmg/mL) or a Rat Ig(G2a isotype
controf Clone 2A3 {100 pl IP; 2me/mi) on days 0, 3. and 6. Mice were then orally gavaged
daily with smEVs (100 pl; 2E11 particles/mL) or dosed intraperitoneally with
dexamethasone (100 pl; I mg/kg) from days 5-8. After dosing on day 8, mice were

anaesthetized with isoflurane, left cars were measured for baseline measurements with
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Fowler calipers and the mice were challenged intradermally with KLH in saline (10 pl) n
the left car and ear thickness measorements were taken at 24 houss.

594} The 24 hour ear measurement results are shown in Fig, 17 This study
demonstrates that neutralization of TLR2 by a monoclonal antibody inhibits the anti~
inflammatory effects of Harrvflintia acetispora Strain A smEVs. This demonstrates that for

cfficacy, smEVs require engagement of the TLRZ receptor in the small intestine.

Example 42: Harrvflintiac acetispora Strain A smEVS require engagement of the [L-18

receptor for efficacy

{595} Female 5 week old C57BL/6 mice were purchased from Taconic Biosciences
and acclimated at a vivarium for one week, Mice were primed with an emulsion of KLH and
CFA (1:1) by subcutancous immunization on day 0. Mice were treated with anti-IL-10R
anttbodies Clone 1B1.3A (100 uL IP; Zmg/mL} or a Rat IgG2a isotype control Clone
MOPC-21 (100 b IP: Zmg/ml} on days 0, 3, and 6. Mice were then orally gavaged daily
with smEVs (100 pd; 2E11 particles/mL) or dosed intraperitoneally with dexamethasone
(100 uL; 1 mg/ke) from days 5-8. After dosing on day &, mice were anacsthetized with
isoflurane, left cars were measured for baseline measurements with Fowler calipers and the
mice were challenged tntradermally with KLH m saline (10 pl) 1 the left car and car
thickness measurements were taken at 24 hours.

{596} The 24 hour car measarement results are shown i Fig, 18, This study
demonstrates that neutralization of the 1L-190 receptor (1L-10R) by a monoclonal antibody
inhibits the anti-inflammatory effects of Harryflintia acetispora Strain A smEVs. This
demonstrates that the smEVs induce release of IL-10 which 15 required for anti-

inflammatory ctfects.

Example 43; Lvmphooyte sut homing needed for Harryflintia acetispora Strain A

smEVs efficacy

{5971 Female 5 week old C57BL/6 mice were purchased from Taconic Biosciences
and acclimated at a vivarum for one week. Mice were primed with an emulsion of KLH and
CFA (1. 1) by subcutancous immumization on day 0. To block lvmphocyte homing to the gut
and gut-associated lymphoid tissues, mice were treated with a combination of anti-CD62L
and anti-0457 antibodies Clones Mel-14 and DATK32 respectively (100 b IP; 2. 5Smg/mb
gach antibody}) or a Rat 1g(32a isotype control Clone MOPC-21 (100 uL IP; Sme/md.} on
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days 1, 3, 5, and 7. Mice were then orally gavaged daily with smEVs (100 ul; 2ELL
particles/mL} or dosed intraperitoneally with dexamethasone (100 pL; 1 mg/kg) from days
5-8. On day 13, mice were anacsthetized with isofturane, left ears were measured for
bascline measurements with Fowler calipers and the mice were challenged intradermally
with KLH 1o saline (10 pl) 10 the left car and ear thickness measarements were taken at 24
hours.

{598} The 24 hour car measurement results are shown m Fig, 19. This study
demonstrates that when lymphocyies are unable to home to the vmphoid tissue within the
gut, Harryflintia acetispora Strain A smEVs cannot induce anti-inflammatory effects. This
suggests that the smEVs induce modulation of lymphocytes to a more antt-mflammatory

state 1o the gut lvmphotd tissue, leading to antt-inflasunatory effects 1o the periphery.

Example 44; B cells needed for Harryflintio acetispora Strain A smEVs efficacy

{599} Female 5 week old C57BL/6 mice were purchased from Taconic Blosciences
and acchmated a vivarium for one week. Mice were primed with an emulsion of KLH and
CFA (1:1) by subcutancous immunization on day 0. To deplete B cells, mice were treated
with anti-CD20 Clone SA271G2 (100 gL IP; 2mg/mb} or a Rat IgG2Zb isotype contral Clone
MPC-11 (100 pl 1P; 2rog/mb) ondays §, 3, 6, 9 and 12. Mice were then orally gavaged
daily with smEVs (100 plL; 2E11 particles/mL) or dosed miraperitoneally with
dexamethasone (100 pL: 1 mg/ke) from days 5-8. On day 13, mice were anacsthetized with
isoflurane, left cars were measured for baseline measurements with Fowler calipers and the
mice were challenged intradermally with KLH in saline (10 ul} in the left car and car
thickness measarements were taken at 24 hours.

600} The 24 hour car measurement resulis are shown in Fig. 20, This study
demonstrates that when B cells are depleted, Harnyflintia acefispora Strain A smEVs cannot
induce anti~inflammatory effects. This suggests that the smEVs mduce modulation of B cell

tymphocytes that are cntical for mediating anti-inflammatory effects in the periphery.

Example 45; Adoptive T cell transfer from mice treated with Harpvilintia acetispora

Strain A smEVs
601} Female 5 week old C57BL/6 mice were purchased from Taconic Biosciences
and acclimated at a vivarium for one week. Mice were separated into two stages, Stage |

{donor mice} and Stage 2 (recipient mice). Stage | mice were primed with an emulsion of
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KLH and CFA {1:1) by subcutancous immunization on day 0. Mice were then orally
gavaged daily with smEVs (100 ul; 2E11 particles/mL) from days 5-8. On day §, Stage 2
mice were primed with an emudsion of KLH and CFA (1.1} by subcutancous immunization.
On day 9, Stage 1 nuce were sacriticed and splecuns/lymph nodes were harvested. Tissucs
were pooled, homogenized, and then CD4+ T cells were 1solated by negative selection and
difuted to 83.3x10° cells/mL in PBS. Isclated CD4+ T cells were then transferred into Stage
2 mice (100 pl; IP). On day 12, Stage 2 mice were anacsthetized with isoflurane, left cars
were measured for baseline measurements with Fowler calipers and the mice were
challenged intradermally with KEH in saline (10 ud) in the left car and car thickness
measurements were taken at 24 hours.

{602} The 24 hour car measurement resulis are shown in Fig. 21, Mice that received
CD4+ T cells from mice dosed with Harryflintia acefispora Strain A smEVs were able to
confer anti-inflammatory effects in the recipient mice that had not received the smEVs. This
study demonstrates that dosing mice with Harryflintia qeetispora Strain A smEVs induces
madulation of CD4+ T cells to an anti-inflammatory state that can be transferred into mice

that have not been dosed with the smEVs.

Incorporation by Reference

{683] All publications or patent applications mentioned herein are hereby
incorporated by reference in their entirety as if cach individual publication or patent
application was specifically and individually indicated to be incorporated by reference. In

case of conflict, the present application, including any definttions heren, will control.

Equivalents
604] Those skilled in the art will recognize, or be able to ascertain using no more
than routine experimentation, many equivalents to the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following claims.
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What is claimed is:

1. A pharmaceutical composttion comprising Harsyvflintia acetispora bacteria.
2. The pharmaceutical composition of claim 1, wherein the Harryflintia acetispora is a

strain comprising at least 90% genomic, 168, and/or CRISPR sequence dentity to the
nucleotide sequence of the Harryflintia acefispora Strain A (ATCC Deposit Number PTA-
126694).

3. The pharmaceutical composition of claim 1, wherein the Harryflintia acetispora is a
strain comprising at least 99% genomic, 168, and/or CRISPR sequence identity to the
nucleotide sequence of the Harryflintia acetispora Strain A {ATCC Deposit Number PTA-
126694).

4. The pharmaceutical composition of claim 1, wheren the Harryflintia acetispora is a
strain comprising at least 99% 168 sequence wdentity to SEQ ID NO: 1.

5. The pharmaceutical composition of claim 1, wherein the Harry/lintia acetispora is
Harryflintia acetispora Strain A (ATCC Depostt Number PTA-126694).

6. The pharmaceutical composition of any one of claims 1-5, wherem at least 50% of
the bacteria in the pharmaceutical composition are Harryfliniia acetispora Strain A.

7. The pharmaceutical composition of any one of claims 1-6, wherein at least 90% of
the bacteria 1o the pharmaceutical composition are Harryflingia acetispora Stram A.

8. The pharmaceutical composition of any one of claims 1-7, wherein substantially all
of the bacteria in the pharmaceutical composition are Harryflintia acetispora Strain A.

9. The pharmaceutical composition of any one of claims 1-8, wherein the bacterial
composition comprises at least | x 10 total cells of Harmyflintia acetispora Strain A

1. The pharmaceutical composition of any one of claims 1-8, wherein the bacterial
composition comprises at feast 1 x 107 total cells of Harryflintia acetispora Strain A.

11, The pharmaceutical composition of any one of claims 1-10, wherein the bacterial
composition comprises at least T x 10° total cells of Harryflintia acetispora Strain A,

12, The pharmaceutical composition of any one of claims 1-11, wherein the
pharmaceutical composition comprises live bacteria.

13, The pharmaceutical composition of any one of claims {-11, wherein the
pharmaceutical composition comprises attenuated bacteria.

14, The pharmaceutical composition of any one of claims 1-11, whercin the

pharmaceutical composition comprises killed bacteria.
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15, The pharmaceutical composition of any one of claims 1-14, wherein the
pharmaceutical composition comprises lyophilized bacteria.

16, The pharmaceutical composition of any one of claims 1-15, wherein the
pharmaceutical composition comprises irradiated bacteria.

17, The pharmaceutical composition of claim 16, wherein the pharmaceutical
composition comprises gamma irradiated bacteria.

18. A pharmaceutical composition comprising isolated extracellular vesicles (mEVs)
produced from Harryfiintia acetispora.

19, The pharmaceutical composition of claim 18, wherein the Harryflintia acetispora is
a strain comprising at least 90% genomic, 165, and/or CRISPR sequence wdentity to the
nucleotide sequence of the Harnyflintia aceiispora Strain A (ATCC Deposit Number PTA-~
126694).

20.  The pharmaceutical composition of claim 18, wherein the Harryflintia acetispora is
a strain comprising at least 99% genonuc, 168, and/or CRISPR sequence identity to the
nucleotide sequence of the Harryflintia acetispora Strain A (ATCC Deposit Number PTA-
1266943,

21, The pharmaceutical composition of claim 18, wherein the Harryflintia acetispora is
a strainr comprising at feast 99% 168 sequence wentity to SEQ 1D NO: 1.

22, The pharmaceutical composition of claim 18, wherein the Harryflintia acetispora is
Harryfliniia acetispora Strain A (ATCC Deposit Number PTA-126694).

23, The pharmaceutical composition of claim 18, wherein at least 75%, at least 80%, at
least 85%, at least 90%, at lcast 95%, or at least 99% of the pharmaceutical composition is
mEVs.

24, The pharmaceutical composition of any one of claims 18-23, wherein the
composition comprises scereted mEVs (smEVs).

25.  The pharmaceutical composition of any one of claims 18-23, wherein the
composition comprises processed mEVs {(pmEVs).

26,  The pharmaceutical composition of any one of claims 18-23, wherein the mEVs
comprise pmEVs and the pmEVs are produced from bacteria that bave been gamma
irradiated, UV irradiated, heat inactivated, acid treated or oxvgen sparged.

27.  The pharmaceutical composition of any one of claims 18-23, wherein the mEVs

comprise pmEVs and the proEVs are produced from live bacteria.
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28, ¢ pharmaceutical composition of any one of claims 18-27, wherein the mEVs are
tvophilized {(e.g., the lyophilized product farther comprises a pharmaceutically acceptable
excipient).

29, The pharmaceutical conposiiion of any one of claims 18-28, wherein the mEVs are
gamia irradiated.

36, The pharmaceutical composition of any one of claims 18-28, wherein the mEVs are
UV wradiated.

31 ¢ pharmaceuntical composition of anv one of claims 18-28, wherein the mEVs are
heat mactivated {¢.g., at 36°C for two howrs or at 90°C for two hours}.

32.  'The pharmaceutical composition of any one of claims 18-28, wherein the mEVs are
acid treated.

33, The pharmaceutical composition of any one of claims 18-28, wherein the mEVs are
oxygen sparged (e.g., at 0.1 vvm for two hours).

34, The pharmaceutical composition of any one of claims 18-33, wherein the dose of
mEVs is about 2x10° to about 2x10'° particles {¢.g., wherein particle count is determined by
NTA (nanoparticle tracking analysis}}.

35,  The pharmaceutical composition of any one of claims 18-34, wherein the dose of
mEVs is about 3 mg to about 900 mg total protein (e.g.. whercin total protein 1s determined
by Bradford assay or BCA assay}.

36. A pharmaceutical composition comprising Harryflintia acetispora microbial
extracellular vesicles (mEVYs} and Harry/lintia acefispora bacteria.

37.  The pharmaceutical composition of claim 36, wherein the Harrvlintia acefispora is
a strain comprising at least 90% genomic, 165, and/or CRISPR scquence identity to the
nucleotide sequence of the Harryfliniia acefispora Strain A {ATCC Deposit Number PTA-
1266943,

38.  The pharmaceutical composition of claim 36, wherein the Harryfiintia acetispora is
a strain comprising at least 99% genomic, 16S, and/or CRISPR sequence dentity o the
oucleotide sequence of the Harryflintia acetispora Strain A (ATCC Deposit Number PTA-
126694).

39 The pharmaceutical composition of claim 36, wherein the Harrnyflintia acetispora is
a strain comprising at least 99% 168 sequence identity to SEQ ID NGO 1.

40.  The pharmacecutical composition of clavw 36, wherein the Harryfiinria qeetispora s

Harryflintia acetispora Strain A {ATCC Depostt Number PTA-126694).
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41, ¢ pharmaceutical composition of any one of claims 36-40, wherein at least, about
o >

or no more than 1%, 2%, 3%, 4%, 3%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%,

16%, 17%, 18%. 19%, 20%, 21%. 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, 30%, 31%,

u;

32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%. 44%, 45%, 45%, 47%,
48%, 49%, 50%, 51%, 52%, 53% %, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%,
64%, 63%, 66%, 67%, 68%, 69%, 70%, T1%, 72%, 7

80%, 81%. 82%, §3%, 84%. 85%, §6%, 87%. 88%

Uq

54%, 57

~d
)

) Y . 0/
3%, 74%, 75%, 76%, 77%, 78%, 79%,

, 89%, 90%, 91%, 92%, 93%, 94% 95%,
96%, 7%, 98% or 99% of the total particles in the pharmaceutical composition are
Harryflintia acetispora mEVs.

42.  'The pharmaceutical composition of any one of claims 36-40, wherein at least, about.

or no more than 1%, 2%, 3%, 4%, 3%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%.,
16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 2 %, 28%, 29%, 30%, 31%,

32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44":/5, 43%, 46%, 47%,
48%, 49%, 50%, 51%, 52%, 53%, 54%, 53%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%,
6495, 65%, 66%, 67%, 68%, 69%, T0%., 71%, 72%, T3%. 14%, 75%, 76%. 17%. 78%, 79%,
80%, 81%, 82%, 83%, 84%, 85%. 86%, 87%, &8%., 89%, 90%, 91%., 92%, 93%, 94%, 95%,
96%, 97%, 98% or 99% of the total particles in the phamaceutical composition are

Harrvflintia acetispora bactena particles.

43, The pharmaceutical composition of any one of claims 36-40, wherein at least, about,
or no more than 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%,
16 0/6, 170/0, 18% 70, 19 9/'/ 0/0, 21% 70, L 20/6, 23 ,/o, 2496, “ Lﬁo/o* 27% 70, _80/ 29 /0 3@96, 3 10/6,

%, 33%, 34%, 33%, 36%, 37%, 38%, 39%, 40%, 41%, 42%., 43%, 44%, 45%, 46%, 47%

489, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%. 63%

Oy

64%, 65%, 66%, 67%, 68%, 69%, T0%, T1%, 72%. T3%, 74%, 75%. 76%, T7%, 78%. 79%,
R0%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98% or 99% of the total proteins in the pharmaceutical composition are
Harryflintia acetispora mEVs

44, The pharmaceutical composition of any one of claims 36-40, wherein at least, about,
or no more than 1%, 2%, 3%, 4%, 3%, 6%. 7%, 8%. 9%, 10%, 11%, 12%, 13%, 14%, 15%,
16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, 30%, 31%,
32%, 33%, 34%. 35%, 36%, 37%. 38%, 30%, 40%. 41%, 42%, 43%. 44%, 45%, 46%. 47%,
48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%,

5
64%, 65%, 66%, 6T%, 68%, 695, T0%, T1%, 72%, 73%, T4%, 75%, T6%, T7%, 78%, T9%,
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o, 81%, 82%, 83%, 84%, 85%, § T%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 959,
56%, 87%, 98% or 99% of the total pmtems in the pharmaceutical composition are
Harryflintia aeetispora bacteria proteins.

45.  The pharmaceutical composition of any one of claims 36-40, wherein at least, about,
or no more than 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%,
16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 2.5%, 26%, 27%,28"/6. 29%, 30%, 31%,
32%%, 33%, 34%, 35%, 36%, , 42%, 43%, 44%7 45%, 46%, 47%,
48%, 49%, 50%, 51%, 52%, 33%, 54%, 55%, 536%, 57%, 58%, 59%, 6(1%, 61%, 62%, 63%,
65%, 66%, 67%, 68%, 69%, T1%, T1%, 72%, T3%, 74%, 75%, 76%, T7%, 78%, 79%
81%, 82%, 83%, 84%, 85%, 86%, 87%, &8%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
9

8% or 99% of the total lipids in the pharmaceutical composition are

Harryflintio acetispora mEVs,

46. The pharmaceutical composition of any one of claims 36-40, wherein at least, about,
or no more than 1%, 2%, 3%, 4%, 3%, 6%, 7%, &%, ¢ %, 10%, 11%, 129, 13%. 14%, 15%,
16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%. 27%, 28%, 29%. 30%, 31%,

32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%,
48%, 49%, 50%. 51%, 52%, 53%, 54%, 55%, 36% 0%. 60%, 61%, 62%, 63%,
64%, 65%, 66%, 67%, 68%, 69%, T0%, T1%, 72%, 73%, 14%, 75%., 76%, 77%, 78%, 79%,
80%, 1%, 82%, 83%, 4%, 83%, 86%, §7%, 8 , 919%, 92%, 93%, 94%, 95%,
86%, 97%, 98% or 99% of the total hipids in the pharmaceutical composition are
Harryflintia acetispora bacteria lipids.

47 The pharmaccutical compaosition of any one of claims 1-46, wherein the
pharmaceutical composition is for the treatment of a disease.

48, 'The pharmaceutical composition of any one of claims 1-47, wherein the
pharmaceutical coraposition is for the treatment of an inunune disorder (e.g., a cancer, an
autoimmune discase, an mflammatory disease, or a metabolic discase).

48, The pharmaceutical composition of any one of claims 1-47, wherein the
pharmaceutical composition is for the treatment of an inflamamatory disorder (e.g.,
dermatitis).

530, The pharmaceutical composition of any one of claims 1-47, wherein the
pharmaceutical composition is for the treatment of a cancer {e.g., colorectal cancer}.

51, The pharmaceutical composition of any one of claims 1-47, wherein the

pharmaceutical composition is for the treatment of a dysbiosis.
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52. ¢ pharmaceutical composition of any one of claims 1-51, wherein the
pharmaceutical composition mndaces an immune response.

53, The pharmaceutical composition of any one of claims 1-52, wherein the
pharmaceutical composition activates innate antigen presenting cells.

54, The pharmaceutical composition of any one of claims 153, wherein the
pharmaceutical composition is formulated for oral. rectal, sublingual, intradermal,
mtraperitoneal, or subcutancous administration.

55 ¢ pharmaceutical composition of any one of clatms 1-54, wherein the
pharmaceutical composition has one or more bencficial immune effects outside the
gastrointestinal tract, ¢.g., when orally administered.

56.  The pharmaceutical composition of any one of claims 1-35, wherein the
pharmacentical composition moduolates immune effects outside the gastromtestinal tract in
the subject, e.g., when orally admimstered.

57.  The pharmaceutical composition of any one of claims 1-56, wherein the
pharmaceutical composition comprises a solid dose forn

58, The pharmaceutical composition of claim 37, wherein the solid dose form comprises
atablet, a nunitablet, a capsule, a pill, or a powder, or a combination of the foregoing.

59, The pharmaceutical composition of clatm 57 or 38, wherein the solid dose form
further comprises a phammaceutically acceptable excipient,

60.  The pharmaceutical composition of any one of claims §7-39, wherein the solid dose
form comprises an enteric coating.

61.  The pharmaccutical composition of any one of claims 57-60, wherein the solid dose
form is for oral administration.

62.  The pharmaceutical composition of any one of claims 1-56, wherein the
pharmaceutical composition coOmpriscs a suspension.

63.  The pharmaceutical composition of claim 62, wherein the suspension is for oral
administration {e.g., the suspension comprises PBS, and optionally, sucrose or glacose).
64,  The pharmaccutical composition of claim 62, wherein the suspenston is for
mtravenous adminisiration {e.g.. the suspension comprises PBS).

65, The pharmaceutical composition of claim 62, wherein the suspension is for
intraperitoneal administration {e.g., the suspension comprises PBES).

66.  The pharmaceutical composition of claum 62, wherein the suspenston is for

intratumoral adnunistration (e.g., the suspension comprises PBS).
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67. ¢ pharmaceutical composition of any one of claims 62-66, wherein the suspension
further comprises a pharmaceutically acceptable excipient.

6%, The pharmaceutical composition of any one of claims 62-67, wherein the suspension
further comprises a bufter (¢.g., PBS).

69, The pharmaceutical composition of any one of claims 1-68, wherein the composition
further comprises one or more additional therapeutic agents.

70, The pharmaceutical composition of any one of claims 1-69, wherein the
pharmaceutical composition 1s formulated for a daily dose.

71, The pharmaceutical composition of any one of claims 1-69, wherein the
pharmaceutical composition is formulated for twice a day dose, wherein cach dose is half of
the daily dose.

72, The pharmaceutical composition of any one of claims 1-71 for use m treating a
disgase {¢.g., a cancer, an agtoimumune disease, an inflammatory disease, a dysbiosis, ora
metabolic discase).

73, Use of a pharmaceutical composition of any one of claims 1-71 for the preparation of
a medicament for the treatment of a disease {e.g., a cancer, an autoimmune disease, an
inflammatory disease, a dyshiosis, or a metabolic discase).

74. A method of treating a subject {e.g.. human} in need thereof, comprising
administering o the subject a pharmaceutical composition of anv one of claims 1-71

75. The method of claim 74, wherein the subject is in need of treatment for an immune

disorder or a metabolic disease.

76, The mcthod of claim 74, wherein the subject s m need of treatment for a cancer.
77. The method of claim 74, wheren the subject is in need of treatment for an

inflammatory discase.

78, The method of claim 74, wherein the subject is 1n need of treatment for a dysbiosis.
78, The method of any one of claims 74-78, further comprising administering to the

subject an additional therapeutic agent.

80.  The method of any one of claims 74-79, wherein the pharmaceutical composition is
admumstered intravenously.

81, The method of any one of claims 74-79, wherein the pharmaceutical composition is
adounistered intratumorally.

82.  The method of any one of claims 74-79, wherein the pharmaceutical composition is

administered subtumorally.
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sl

3. The method of any one of claims 74-79, wherein the pharmaceutical composition is
administered by injection, e.g., subcutaneous, intradermal, or intraperitoneal injection.

84,  The method of any one of claims 74-79, wherein the pharmaceutical composition is
adounistered orally,

5. The method of any one of claims 74-84, wherein the pharmaceutical composition
further comprises one or more additional therapeutic agents.

86.  The method of any one of claims 74-83, wherein the dose of mEVs in the
pharmaceutical composition is about 2x10° to about 2x 10 particles {e.g., wherein particle
count is determined by NTA (nanoparticle tracking analysis)}.

87.  The method of any one of claims 74-86, wherein the dose of mEVs in the
pharmaceutical composition is 5 mg to about 900 mg total protein {(e.z., wherein total protein
is determined by Bradford assay or BCA assay).

88.  The method of any one of claims 74-87, wherein the pharmaceutical composition is
administered once a day.

89, The method of any one of claims 74-87, wherein the pharmaceutical composition is
admunistered twice 3 day.

53, The method of any one of claims 74-87, wherein the pharmaceutical composition is
formulated for a daily dose.

91.  The method of any one of claims 74-87, wherein the pharmaceutical composition is
formalated for twice a day dose, wherein each dose is half of the daily dose.

92. A moethod for preparing a pharmaceutical composition of any one of claims 1-71 ina
suspension, the mcthod comprising: combiving mEVs, bacteria, or any combination thercof,
with a pharmaceutically acceptable buffer (¢ g., PBS); therehy preparing the pharmaceutical
composition.

93.  The method of claim 92, wherein the suspension further comprises sucrose or
glucose.

94.  The mothod of claim 92 or 93, wherein the suspension is for oral administration.

05, The method of claim 92 or 93, wherein the suspension is for intravenous
administration.

96.  The method of claim 92 or 93, wherein the suspension is for intraperitoneal
administration.

97.  The method of claim 92 or 93, wherein the suspension is for intratumoral

administration.
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98.  The method of any one of claims 92-97, wherein the suspension further comprises a
pharmaceutically acceptable excipient.
99, The method of any one of claims 92-9¢, wherein the suspension further comprises a
buffer (c.z., PBS).
100, The method of any one of claims 92-99, wherein the composition further comprises
one or more additional therapeutic agents.
105, The method of any one of claims 92-100, wherein the phammaceutical composition is
administered orally.
102, The method of any ong of claims 92-100, wherein the pharmaceutical composition 1§
admanistered intravenously.
103, The method of any one of claims 92-100, wherein the pharmaceutical composition is
administered intraturmorally.
104.  The method of any one of claims 92-100, wherein the pharmaceutical composition is
administered subtumorally.
105, The method of any one of claims 92-100, wherein the phammaceutical compaosition is
admmistered by injection, e.g., subcotancous, intradermal, or intraperitoneal injection.
106, The method of any one of claims 92-105, wherein the dose of mEVs in the
pharmaceutical composition is about 2x 10° to about 2x10' particles {¢.g., wherein particle
count is determined by NTA {nanoparticle tracking analysis}}.
107, The method of any one of claims 92-106, wherein the dose of mEVs in the
pharmaceutical composition is 5 mg to about 900 mg total protein (c.g., wherein total protein
is deternuncd by Bradtord assay or BCA assay).
108. A pharmaccutical composition preparcd by the method of any one of claims 92-107.
109, A method for preparing a pharmaceutical composition of any one of claims I-71ina
solid dose form, the method comprsing:

a) combining the mEVs, bactena, or any combination thereof, of any one of claims
1-71 with a phamaceutically acceptable excipient, and

b} compressing the mEVs, bacteria, or any combination thercof, and a
pharmaceutically acceptable excipient, therchy preparing the pharmaceutical composition.
110, The method of claim 109, wherein the method further comprises enterically coating
the sohid dose form.
111, The method of claim 109 or 110, wherein the solid dose form comprises a tablet, a

manitablet, a capsule, a pill, or a powder, or a combination of the foregoing.
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112, The method of any one of claims 109-111, wherein the composition further
comprises one or more additional therapeutic agents.

113, The method of any one of claims 109-112, wherein the pharmaceutical composition
is administered orally.

{14, The method of any one of claims 109-113, wherein the dose of mEVs in the
pharmaceutical composition is about 2x10° to about 2x 1010 particles (e 5., wherein particle
count 1s deterouned by NTA (nanoparticle tracking analysis)).

115, The method of any one of claims 109-114, wheren the dose of mEVs m the
pharmaceutical composition is 5 myg to about 900 mg total protemn {e.g., wherein total protein
is determined by Bradford assay or BCA assay}.

{16, A pharmaceutical composition prepared by the method of any one of claims 109-113.



