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therapy, gene therapy, surgery or a combination thereof. The method makes modified facultative anaerobic bacteria into a condition -
al obligate anaerobe. Further provided are the modified bacteria comprising an essential gene expressing cassette that is strictly hyp -
oxia regulated as well as the vector comprising the same. The modified bacteria grow within the solid tumor/cancer, rendering the re -
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MODIFIED BACTERIA AND USES THEREOF FOR TREATMENT
OF CANCER OR TUMOR

Cross-Reference to Related Application

The present application claims the benefit of U.S. provisional patent application Serial

No. 61/687,975, filed May 4, 2012, which is hereby incorporated by reference in its entirety.
1. Introduction

Described herein is a method of treatment of cancer or tumor using a modified bacteria or
composition comprising the modified bacteria. In certain embodiments, the method of treatment
of cancer or tumor is in combination with other cancer or tumor treatment. In certain
embodiments, the cancer or tumor treatment is chemotherapy, radiation therapy, gene therapy,
surgery or a combination thereof. Described herein is a method of making modified facultative
anacrobic bacteria into a conditional obligate anaerobe. In one aspect, the modified bacteria are
strictly hypoxia regulated and comprise an essential gene expressing cassette. Described herein
are vectors, cells comprising the vectors comprising the essential gene expressing cassette. Also
described herein are therapeutic and prophylactic compositions comprising the modified bacteria.
In certain embodiments, the therapeutic and prophylactic compositions contain a purified form of
the modified bacteria. In certain embodiments, the therapeutic and prophylactic compositions do
not contain other strains of microorganisms. In one aspect, the modified bacteria grow within a
tumor/cancer, retarding its growth. In one aspect, the tumor/cancer is a solid tumor/cancer. In
one aspect, the modified bacteria are rapidly ecliminated from normal tissues. In certain
embodiments, the tumor/cancer includes, but is not limited to, breast cancer, liver cancer or

neuroblastoma.
2. Background

Cancer is one of the most deadly diseases in the present world. Facing cancer, most
people believe surgery, chemotherapy or radiation therapy is the only possible solution. However,
not all cancer patients are suitable for surgery, and cancer metastasis may cause the failure of
surgery treatment. The chemotherapy or radiation therapy may lead to large damage of normal
organs and less effect on cancer niche. Furthermore, hypoxic tumor cells may demonstrate an

inhibition of cell cycle progression and proliferation, and hence may be relatively resistant to
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many anticancer drugs that target rapidly dividing cells. Thus, in solid tumors, hypoxic regions
crecate a further problem as they are resistant to many treatments [1] and are linked to more

malignant phenotypes [2].

Intentional use of bacteria in cancer treatment can be dated to the late 19th century with
even carlier anecdotal reports of bacterial efficacy in treating cancer [3, 10, 11]. The first
reported deliberate attempt at using bacteria (Streprococcus pyrogenes) to treat an inoperable
sarcoma also demonstrated the inherent danger of the technique. Whilst the tumor and lymph
nodes reduced appreciably, the patient died of infection within 9 days of treatment [3, 10, 11].
On the other hand, targeted cancer therapy, gene therapy and cancer vaccine are all based on the
transfection technique. The most critical issues associated with these therapeutic strategies are
the safety of vectors. Viral vectors are most widely used delivery vectors, however, they are not
casy to be ecliminated, potentially tumorigenic with limited capacity. Accordingly, non-viral
vectors with larger capacity and safe manipulation, such as bacterial vectors, are a promising

approach to develop new delivery systems.

Consequently, much recent work on bacterial therapies for cancer has focused on non-
pathogenic strains or the need to attenuate bacteria for use in model systems and humans.
Bifidobacteria are non-pathogenic obligate anacrobes and have been successfully used to target

tumors and as a therapeutic vectors but do not appear to have an oncolytic effect [8, 12-14].
3. Summary

Described herein is a modified bacteria comprising a strictly hypoxia regulated essential
gene expressing cassette. Also described herein is a composition comprising the modified
bacteria. Also described herein are therapeutic and prophylactic compositions comprising the
modified bacteria. In certain embodiments, the therapeutic and prophylactic compositions
contain a purified form of the modified bacteria. In certain embodiments, the therapeutic and

prophylactic compositions do not contain other strains of microorganisms.

Provided herein is a strictly hypoxia regulated cassette comprising a forward anaerobic

inducible promoter, an essential gene and a reverse aerobic promoter.
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Described herein are vectors, cells comprising the vectors. In certain embodiments, the
vectors comprise the essential gene expressing cassette. Described herein is a vector comprising
a hypoxia conditioned promoter operatively linked to an essential gene. In one embodiment, the
hypoxia conditioned promoter comprises an inducer binding site. In one embodiment, the vector

further comprises an antisense promoter that is negatively regulated by the inducer.

Described herein is a method of making the modified bacteria. Also described herein is a
method of making modified facultative anacrobic bacteria into a conditional obligate anacrobe.
In one aspect, the modified bacteria are strictly hypoxia regulated and comprise an essential gene

expressing cassette.

Also described herein is a method of treatment of cancer using a modified bacteria or a
composition comprising the modified bacteria. The method inhibits and reduces the growth of a
tumor cancer when administered in vivo. In certain embodiments, the method of treatment of
cancer 1s in combination with other cancer treatment. In certain embodiments, the cancer or
tumor treatment is chemotherapy, radiation therapy, gene therapy, surgery or a combination
thereof. In one aspect, the modified bacteria grow within the solid tumor/cancer, retarding its
growth. In one aspect, the modified bacteria are rapidly eliminated from normal tissues. In
certain embodiments, the solid tumor/cancer includes, but is not limited to, breast cancer, liver

cancer or neuroblastoma.

Also described herein is a kit comprising the modified bacteria and a pharmaceutically

acceptable carrier.

Described herein is a method to provide an obligate anacrobe from a facultative anaerobe.
In another embodiment, the facultative anaerobic is a Gram-negative bacteria. In certain
embodiments, the facultative anacrobic, includes, but not limited to Salmonella typhimurium. In
certain embodiments, the modified bacteria are effective in anti-tumor therapy. In certain
embodiment, the essential gene is, for example, a gene for aspartate-semialdehyde
dehydrogenase (“asd”). In certain embodiments, asd is operatively linked and is under the
control of a hypoxia-conditioned promoter. In certain embodiments, the normal functions of the

bacteria are not compromised by the deletion or mutation of any of its genes.
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In one embodiment, the modified bacteria are YB1. Comparison of the new strain YB1
with previously studied tumor-targeting Salmonella strain VNP20009 shows that YB1 is more
effective in both targeting and repressing tumor growth than VNP20009. Furthermore, YB1 was
climinated from normal tissues much faster than VNP20009 in breast cancer animal model. In

one embodiment, the modified bacteria are not VNP20009.

In one embodiment, the modified bacteria are not viable in normal tissues. In one
embodiment, the modified bacteria are made by placing an essential gene, asd, under the control
of a hypoxia-induced promoter. In one embodiment, the essential gene is asd or diaminopimelic
acid (“dapA”). The asd gene of Salmonella encodes an enzyme essential for the synthesis of
diaminopimelic acid (DAP), which is an essential component of the bacterial cell wall and not
present in mammalian systems [7]. In one embodiment, with asd expressed only in hypoxic
conditions the bacteria are able to grow readily under hypoxia, but will lyse under normal growth
conditions. Thus in certain embodiments, facultative anacrobic Gram-negative bacteria,
including, Salmonella typhi, can be converted from a facultative to an “obligate” anacrobe,
rendering it safe in normal tissues. In certain embodiments, the modified bacteria are Salmonella
typhimurium, Salmonella choleraesuis, Salmonella enteritidis and S. typhimurium, Escherichia
coli, Escherichia. coli K-12, Escherichia. coli O157:H7, Shigella, Shigella dysenteriae, Shigella
flexneri, Shigella boydii, Shigella sonnei, Yersinia, Yersinia pestis, Yersinia pseudotuberculosis

and Yersina enterocolitica.

In one embodiment, a cassette described herein is regulated by fumarate and nitrate
reduction gene (“fnr”’) which are involved in the switch between acrobic and anaerobic growth
[42]. Promoters containing FNR binding sites are activated under hypoxia [43]. Provided herein,
in an embodiment, the pepT promoter created a gene therapy vector only expressed in hypoxic
regions [43]. In certain embodiments, the pepT promoter (PpepT) was used to drive expression
of asd, conditional on hypoxia, in a modified Sa/monella SL7207 (YB-pw), limiting the bacterial
viability to hypoxic regions. In an embodiment, the asd gene in the modified bacteria was
replaced with a PpepT-asd construct (Fig. 1B). In certain embodiment, the essential gene is
under the control of L-asparaginase II (“ansB”) or formate dehydrogenase-H (“fdhF ") promoter.
However, in certain embodiment, the modified bacteria are still able to grow under normal
oxygen levels. In one embodiment, to prevent leakage from the pepT promoter, an antisense
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promoter of the superoxide dismutase (“sodA4”) gene (PsodA), which is negatively regulated by
FNR [44], was added to the PpepT-asd construct to make the PpepT-asd-sodA (Fig. 1A), which
then further constructed strain YB1. This effectively inhibited the growth of Salmonella as
shown in Fig. 5-7 where YB1 could only grow in the absence of DAP under anacrobic but not
under aerobic conditions. An alternate construct using the ansB promoter (YB-EW) is
ineffective under anacrobic conditions. In the absence of DAP, YB1 was the only strain that had
the combination of growth under anaerobic but not acrobic conditions. A detailed titration of
oxygen level and bacterial concentration showed that, in the absence of DAP, YB1 was only
viable at oxygen levels below 0.5% (Fig.7). Unlike SL7207, YB1 only infiltrated the MDA-MB-
231 breast cancer cells under anaerobic conditions. However, it was more effective at inducing
apoptosis or cell death, possibly due to the anacrobic expression of asd being stronger under the

hypoxia conditioned promoter as compared to the wild type one (Fig. 4).

Certain embodiments shows SL7207, YB1 and an attenuated Salmonella strain
VNP20009 were able to infiltrate MDA-MB-231 tumors induced in nude mice, as evidenced by
the considerable number of bacteria found in the tumor and the considerable tumor damage
observed. Although quiescent YB1 cells appear to persist briefly in aerobic tissues in the
absence of DAP [45], YBI1 was effectively cleared from normal tissues (Fig. 9B & Fig. 10). By
3 days post infection, bacteria were barely detectable in liver. VNP20009 was less effectively
cleared from normal tissues than YB1 and less effective at reducing tumor size. SL7207, despite
being an attenuated vaccine strain, had a similar effect on normal and tumor cells and killed all
mice by 11 days post infection with substantial bacterial induced liver destruction apparent.
While SL7207 might not affect immuno-competent mice, the conversion of SL7207 to the
“obligate” anaerobic YBI prevented bacterial killing of the mice while maintaining and

enhancing tumor killing ability.

Described herein is an examination of the effect of YBI1 in tumors. The examination
showed that its design as an “obligate” anacrobe was effective in that it was tightly confined to
the hypoxic regions of tumors and kept distant from blood vessels. As bacteria are expected to
induce a host immune response, neutrophils were found in the YBI infected tumors. In one

embodiment, YB1 and necutrophils aligned against cach other with neutrophils as a barrier
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against further bacterial spread. In one embodiment, YB1 enhances tumor killing by strongly

attracting neutrophils to the tumor.

In one embodiment, described herein is the use of combination therapy with YB1 and
chemotherapy. In one embodiment, the chemotherapy includes treatment with, but not limited to
5-FU which increase the tumor inhibition ability. 5-FU target rapidly dividing cells like cancer
cells by blocking the action of thymidylate synthase [46]. When compared with untreated mice,
YBI considerably retarded tumor growth with an effectiveness greater than that of the drug 5-FU
alone. In one embodiment, YB1 and 5-FU were more effective. SL7207 was too toxic and was

lethal to the mice before effects on tumor growth could be observed (Fig. 13).

Described herein is an improved anticancer method than those utilize Salmonella strain
VNP20009. VNP20009 was derived from strain YS72 [47], which was generated by
nitrosoguanidine and UV irradiation induced random mutations from wild type Salmonella
typhimurium 14028 [20]. This random mutagenesis strategy produces safe auxotrophic strains
with compromised tumor targeting or killing abilities. VNP20009 in phase I clinical, in which
inefficiency of tumor targeting and repressing was observed [48]. If some unknown functional
genes of Salmonella were mutated in the process of attenuation, the VNP20009 might be over-
attenuated [49]. On the contrary, strain SL.7207 as the predecessor of YB1 was generated by aro
transposon insertion [28]. The precise modification of Salmonella strain SL7207, by placing an
essential gene under a hypoxia conditioned promoter, as performed in the present invention has
successfully converted the bacterium to an “obligate” anacrobe, thereby removing the lethal
toxicity of the host strain while maintaining its tumor targeting and enhancing its tumor killing
abilities than VNP20009 (Fig. 9C & Fig. 13D). Furthermore, comparing with VNP20009, YB1
showed higher tumor habiting preference while the engineered YBI strain also showed quicker
cradication in normal organs (Fig. 9C). By resulting in less toxicity and better therapeutic
performance, this novel strategy provides an alternative to conventional attenuation techniques,

which may compromise bacterial tumor killing effect.

In one embodiment, described herein is a method to make the modified bacteria. Similar
method may be used to make the modified bacteria of various strains. In one embodiment, the

modified bacteria are Strain YB1 which is conditional obligate and facultative anaerobe. First,
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YBI has specific tumor targeting ability as C.sporogenes, but it does not always need anacrobic
condition for culture. Simple DAP supplement could restore YBI as functional as normal
facultative anaerobic bacteria. Second, YB1 as a strain of Salmonella typhimurium can share the
same replication origin of plasmids with E. coli, it’s easier and more convenient to construct
plasmid-based drug delivery vector and to control the copy number of the vector in cancer
therapy. While the ease of modifying Chlostridia to produce gene therapy vectors [17, 18] has
improved [50], Salmornella can be readily transformed using long-established techniques and
YBI1 could be developed similarly. YBI-like bacteria have the advantages of an obligate
anaerobic bacterium while maintaining the chemotaxic properties [5, 22] and ability to target

metastasis [25-27] of Salmonella.

Conditioning Salmonella growth on hypoxia provides an alternative to conventional
attenuation techniques, which require a mutation of the bacteria to compromise some normal
function. The modified “obligate” anaerobe YBI1 represents a new direction in producing

bacterial therapeutic agents for cancer.
4. Brief Description of the Figures

The patent or application file contains at least one drawing executed in color. Copies of this
patent or patent application publication with color drawing(s) will be provided by the Office upon request

and payment of the necessary fee.

Figs. 1A-C. (A) the construct (pYB1) of strictly hypoxia regulated an essential gene
expressing cassette, which contained the sense promoter PpepT, asd gene, and the antisense
promoter PsodA; (B) the construct (pYB-pw) without the antisense promoter PsodA; and (C) the
construct (pYB-ew) with the different promoter PansB.

Figs. 2A-D. (A) the DNA sequence of promoter PpepT; (B) the DNA sequence of asd
gene; (C) the protein sequence of Asd protein; and (D) the DNA sequence of promoter PsodA.

Fig. 3. The recombination engineering strategy replaces the original asd gene from the
chromosome of bacteria with the strictly hypoxia regulated and chromosome-based an essential

gene expressing cassette.



WO 2013/163893 PCT/CN2013/000528

Figs. 4A-B. The situation when YB1 is facing the environment with O, (A) and without
O (B).

Figs. SA-D. Growth rate of various strains (10* bacteria/ml) under acrobic or anaerobic
conditions in LB broth without DAP (meantsd, each time point represents three individual

experiments). (C, D) as in (A, B) but with DAP.

Fig. 6. To test asd expression in response to oxygen, strains YB-myc-EW, YB-myc-PW,
and YBI1 were cultured under acrobic (+0O;) or anaerobic (-O;) conditions for 24 hours at 37°C.
DAP was added to prevent cell lysis under aerobic conditions. Bacterial cell number was
quantified by ODgyy measurement and total protein was extracted from those bacteria

respectively.

Fig. 7. Different mutant strains at serial dilutions under decreasing oxygen levels were
cultured for 24 hours and bacterial growth was observed. Columns: 1 SL7207; 2 YB-asd; 3 YBI;

4 YB-pw; 5 YB-ew. (Three independent experiments were performed.)

Figs. 8A-C. YBI and SL7207 in breast cancer cells (A) In vitro cultured breast cancer
cells (MBA-MB-231) were exposed to YB1 and SL7207 (1: 500~1000) separately under
anaerobic (0,<0.5%: YB1 - O,, SL7207 - O,) or acrobic (0,=21%: YB1 + O,, SL7207 + O,)
conditions. Two hours post-incubation, breast cancer cells were washed and fresh medium
containing gentamycin (50 pg/ml) was added to remove extracellular bacteria. 24~48 hours later,
breast cancer cells were collected, stained using an anti-Sa/monella antibody (red) and phalloidin
to indicate cancer cells (green) and observed by confocal microscopy. Merged and enlarged
images arc given. (B, C) Apoptosis and death rate of cancer cells induced by Salmonella under
anaerobic conditions were detected by annexin-V/PI staining and measured by flow cytometry. *,

P<0.05,

Figs. 9A-C. CFU test of YB1, SL7207, and VNP20009 in breast tumor bearing nude
mice. Nude mice with an MBA-MB-231 tumor received temporal vein injections of YBI,
SL.7207 or VNP20009. Mice were cuthanized at the indicated time points and blood, heart,
kidney, liver, lung, lymph node, spleen and tumor tissues were collected and homogenized and

bacterial accumulation evaluated. In SL7207 (A) YB1 (B) or VNP20009 (C) treated mice, CFU
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counts per gram of most normal organs and tumor (red line) are shown over time (mean+sd, each
time point represents three individual experiments with 2 mice for each experiment). *, tumor

group vs. all other groups P<0.05; **P<0.01.

Figs. 10 (A-B). Paraffin section test of YB1 and SL7207 in tumor and liver The
distribution of Salmonella in tumor (A) and liver (B) of breast tumor bearing mice over time was

demonstrated in tissue paraffin sections by immuno-staining. (Arrows: Salmonella).

Fig.11. YB1 colonization of the hypoxic region. YBI and PBS treated tumor bearing
mice were ip. injected with hypoxyprobe-1 before being sacrificed. Tumor samples were
removed, prepared and visualized with anti-salmonella or anti-hydroxyprobe-1 antibodies as
noted in Materials and Methods. The transverse sections show an overview of the hypoxic area

and YB1 distribution in the tumor. PBS treated tumor-bearing mice were used as a control.

Figs. 12 (A-C). Confinement of YB1 in the tumor. (A) YB1 and the hypoxic region are
indicated by staining with anti-Sa/monella (green) and anti-hypoxyprobe (red) antibodies,
respectively. DNA is indicated by DAPI staining (purple). H: hypoxic area. V: viable arca. (B)
Blood vessels in the tumor are shown by an anti-CD31 antibody (red, arrows). (C) Immunocytes

were detected with an anti-Gr-1 antibody (red).

Figs. 13 (A-D). Repression of tumor growth by Salmonella strains. (A) Tumor volume
(starting size about 500-550 mm’) in mice injected with YBI, SL7207 or PBS (n=10, mean=sd).
SL7207 treated mice died by day 11. *, YBI group vs. PBS group, P<0.05; ***, P<(.001. (B)
Survival chart for tumor free and tumor bearing mice treated with YB1, SL7207, YB-asd or PBS,
respectively (n=10 each). (C) Tumor bearing mice were treated with YB1 or PBS (n=24 cach).
After three days, 5-FU was injected i.p. (60 mg/kg) to half the mice of each group (n=12) and
repeated every three to four days for 2 weeks. *, YB1+5-FU group vs. PBS group and 5-FU
group, P<0.05; *** P<0.001; #, YB1+5-FU group vs. YB1 group, P<0.05; ##, P<0.01, ###,
P<0.001. (D) Comparison of strain YBI and VNP20009 for anti-tumor effect. Tumor volume
(starting size about 360 mm’) in mice after treatment with VNP20009, YBI, or PBS,
respectively (n=6, meantsd). *, YB1 group vs. VNP20009 group, P<0.05; **, P<0.01.
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Fig. 14A. Monitoring in situ liver tumor growth with YB1 treatment. After two weeks of
luciferase labeled MHCC97L tumor seeds were implanted into the left liver lobes of healthy
nude mice group, SE+07 CFU YB1 was iv. administered though tail vein. The tumor growth
was monitored by Xenogen IVIS 100 at different time points after YB1 treatment on day 0, day
10, week 2, and week 3. The upper panel is PBS treatment group. The lower panel is the YB1

treatment group. Each mouse was i.p. with 100 ug D-luciferin before imaging.

Figs. 14B-C. Comparison of in situ tumor growth by histology and lung metastasis by
live imaging with and without YB1 treatment in liver cancer nude mice model 3 weeks after
tumor implantation. (B), comparison of tumor size in live tissues by histology; (C), examination
of lung metastasis of MHCC97L tumor cells. The colorful signal indicated lung metastasis. The

upper panel is PBS control group. The lower panel is YB1 treatment.

Figs. 15A-C 'Window chamber' animal model. A, A nude mice for dorsal window
chamber in the surgery; B, Window chamber model after surgery; C, Blood vessels distribution

of window chamber under stereo microscopy.

Figs. 16A-D 'Window Chamber' imaging for tumor progression under sterco microscopy.
A, Transmission bright field imaging of blood vessels; B, Fluorescence imaging of tumor after
three days implantation; C, D Enlarged image of blood vessels and tumor cells was found growth

around vessels.

Figs. 17A-D Observation the effect of YB1 treatment. A, Time-lapse track tumor
regression caused by YB1 treatment from 30 mins to 5 days; B, In vivo image of alive cancer
cells without YBI1 treatment; C, D, Apoptosis of cancer cells induced by YB1 after 12 (C) and 36
hrs (D). signals are tdTomato labeled MDA-MB-231 cancer cells. Arrows indicate YBI
distributions. Scale bars, 100 um.

Figs. 18A-D Tumor infiltrating immune cells at different time points. A, tumor
infiltrating immune cells; B, Ly6G+ neutrophils; C, CD19+ B lymphocytes; D, CD49b+ natural
killer cells (NKs).

10
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Figs. 19A-F Paraffin-embedded biopsy of the distributions of YB1 and immune cells
within tumor. A, B, C & D: paraffin tissue sections stained with anti-Ly6G antibody (shown as
dark grey); Ly6G: a marker of neutrophils. E & F: tissue sections stained with anti-Salmonella

antibody (shown as dark grey). Dash lines indicate tumor necrotic area.

Fig. 20 Cell proliferation assay for Hela cells with or without YBI1 treatment. Cells
(1x103) were seed in a 96 well plate and grew for overnight. After a 2h-incubation of YBI1
(M.O.I=1: 200), cells were subsequently cultured for 24, 48, 72 and 96 hrs and MTT assay was

performed. Absorbance was measured at 570 nm.

Figs. 21A-E YBI invasion assay with different cancer cell lines under anacrobic
condition. Cancer cells of Lung cancer A549 (A), Colon cancer Caco-2 (B), Ovarian Cancer
ov443 (C), Myeloma NS1 (D), and Neuroblastoma SH-SY5Y (E) were co-culture with YBI
(M.O.I=1: 200) for 1 hr, washed by PBS for three times, and further cultured for 24 hrs under

anaerobic condition. Signals are indicating intracellular YB1.

Detailed Description

Since Salmonella is closely related to the Escherichia genus and has broad-host-range, its
genomic information is clear and share many common features with E.coli. Comparing with
gram-positive bacteria (¢.g. Clostridium), Salmonella are easy for genetic manipulation, since it
has thin membrane, sensitive to drug selection. It survives and proliferates within cells; therefore
it can deliver genctic material (DNA, mRNA, microRNA ectc.) into the cytoplasm with interrupt
the nucleus. Most important, transfection with bacterial vector can avoid (random) genomic
integration. Thus, it may directly deliver ectopic mRNA into host cells and utilize translation
machinery of host cell to synthesize the corresponding exogenous proteins. On the other hand,
since it is facultative anacrobic, it is easy to culture it in vifro and then send them to target
hypoxic region within tumors. Thus, Salmonella can serve as both bacterial “weapon” and
“vector” in rescarch and medication. Moreover, attenuated Salmonella has been proved to be

safe in human for years.

Anacrobic bacteria provide an important treatment opportunity in cancer therapy due to

their ability to target the hypoxic region of solid tumors that is resistant to conventional treatment

11
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[1, 3, 16]. If Salmonella, a facultative anacrobic bacteria, is to be a successful treatment agent in
anti-cancer therapy, bacterial virulence in the host needs to be addressed [11]. In most cases
attenuated forms are created and used as test therapeutic agents [24, 29, 34, 40]. However, the
mutations required to attenuate a bacterium might also compromise its tumor targeting and
killing ability. This was suggested as a possible reason for the poor performance of VNP20009 in
clinical trials [11]. Recently, a systematic study of Salmonella mutants [41] partially addressed
this issue by identifying several attenuated mutant bacteria with either mild or moderate

reductions in tumor fitness. Tumor killing by these mutants could not be examined [41].

In one embodiment, described herein is a method in converting anacrobic bacteria into
conditioned “obligate” anacrobe. In one aspect, the method is strictly hypoxia regulated and and
comprising transforming bacteria with an essential gene expressing cassette. In one aspect, the
method comprises facultative anacrobic Gram-negative bacteria, including but not limited to S.
typhimurium. In normal tissues under acrobic conditions, an essential gene asd is not expressed,
diaminopimelic acid (DAP) is not synthesized and the bacteria will lyse during growth unless
DAP is supplied by the environment. In tumor bearing nude mice, the modified bacteria
inhibited tumor growth while not affecting the mice. In contrast, the original Sal/monella strain

was lethal to the mice.

Several attenuated Salmonella strains have been developed for tumor targeting studies.
SL7207, which has a defect in the aro4 gene and is a derivative of similar attenuated strains [2§],
has been used by several groups [29-33], although it can affect the health of immuno-
compromised mice [29, 33]. Deletions in purl and msbB gave rise to VNP20009 [21, 34] which
has been used for gene-targeted pro-drug therapy [35] and tested for oral delivery [36] and in
clinical trials [37, 38]. Strain Al [39] and its derivative A1-R [24] are leucine-arginine
auxotrophs and A1-R targeted a metastases model [26]. Defects in guanosine 5'-diphosphate-3'-
diphosphate synthesis attenuated Salmonella (strain AppGpp) [40] which has been shown to be
effective as an inducible vector against CT-26 tumors and metastases [23]. The different
nutritional environment in a tumor may compensate for the metabolic defects in these bacteria,

thereby allowing effective growth in a tumor but not in normal tissues [20, 39].
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However, attenuation to reduce virulence in normal tissues might compromise the
function of the bacteria in tumors. A large-scale study used a transposon library and a custom
microarray to identify a group of Sa/monella mutants that had reduced fitness or attenuation in
normal tissues [41]. Their aim was to identify attenuated strains that retain their fitness inside
tumors. Two classes of attenuated strains, those with minor or with moderate reductions in tumor
fitness, were identified. STM3120, a severely attenuated SPI-3 mutant, had a minor reduction in
tumor fitness and was effective in PC-3 tumors and somewhat effective in oral administration
[41]. An aroA mutant, similar to SL7207, had moderately reduced tumor fitness. However, this

study examined bacterial fitness in tumors, not tumor killing ability.

In one embodiment, described herein is a modified bacteria comprising a strictly hypoxia
regulated essential gene expressing cassette. By using recombinant technology, this cassette was
introduced into the genome of facultative anacrobic gram-negative bacteria, including, but not
limited to Salmonella typhimurium. A conditional “obligate” anaerobe strain YBI is then
produced. This strain YB1 was further applied to inhibit and reduce the growth of a solid tumor

cancer when administered in vivo.
4.1 Method of Making a Hypoxia Targeted Salmonella Strain (YB1)

Replacement of the essential gene asd from parental Salmonella typhimurium strain
SL7207 with a construct where this gene is under the control of hypoxia targeted promoters was
achieved by recombinant technology (Fig 3). In the resulting YB1 strain, the FNR related
anacrobic capable promoter PpepT controls asd transcription while an acrobic promoter, PsodA,
facilitates transcription of antisense asd that blocks any leakage of Asd expression under acrobic
conditions (Fig. 1A). If asd is not transcribed and DAP is not supplied in the environment, lysis

of the YBI1 bacteria occur during bacterial growth.

Several other strain variants were constructed (YB-asd — SL7207 with no asd gene; YB1-
pw — as YBI1 but with no antisense promoter for asd; YBl-ew — as YBI1 but with the PpepT
promoter replaced with a weaker ansB promoter) (Fig. 1B, C). Regulation of Asd expression
under high and low oxygen levels was tested. Changes in Asd protein levels were demonstrated
by immunoblotting of myc tagged asd. The result (Fig. 6) showed that Asd expression in the
YB1 (YB1-myc) strain was controlled by oxygen as expected: very strong Asd expression was
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detected under anacrobic condition whilst no such expression was observed under acrobic
condition (YB1+O; and YB1-O;). However, no Asd expressions were observed under either
acrobic or anacrobic conditions (EW+O, and EW-0,) in strain YB1-ew (YB-myc-ew) with the
weak PansB promoter. In YB1-pw (YB-myc-pw) strain without antisense promoter, leaky Asd

expression was observed under acrobic conditions (PW+0O, and PW-0y,).

All of the mutants were tested for growth in LB broth (Fig. SA-D). Of the engineered
strains in the absence of DAP, only YB1 showed the combination of growth under anaerobic
culture conditions and repression in the aerobic environment. SL7207 and YB-pw showed

growth in all conditions. YB-asd and YB-ew showed growth only with addition of DAP.

Serial reductions in the oxygen level and bacterial concentration were used to establish
the range of conditions under which YB1 and the other strains could survive in the presence or
absence of DAP. On LB agar plates without DAP, YB1 grew only when oxygen levels decreased
to below 0.5%. Strains YB-asd and YB-ew did not grow in the absence of DAP, while SL7207
and YB-pw grew in all conditions (Fig. 7).

4.2 Ability of YB1 to Invade Cancer Cells

Breast cancer cell line MDA-MB-231 samples were incubated with YB1 or SL7207
under oxygen concentrations below 0.5% or aecrobic conditions. After removal of extra-cellular
bacteria and further culturing, confocal microscopy showed that both SL7207 and YBI had
invaded the breast cancer cells under anaerobic conditions (Fig. 8A, YB1-O,, SL7207-0;). In
comparison, under acrobic conditions (Fig. 8A, YB1+0,, SL7207+0,), YBI could not survive
and only SL7207 was observed in breast cancer cells. In anacrobic conditions, by using an
annexin V/PI assay, MDA-MB-231 samples treated with cach of the bacteria showed an increase
in the number of dying or apoptotic cells relative to a blank control (Fig. 8B), with YB1 being

somewhat more effective in causing cell death or apoptosis (P<0.05) (Fig. 8C).

4.3 Accumulation of SL7207, YB1, and VNP20009 in Tumor and Normal Tissues in
vivo
Three groups of four-week-old nude mice were inoculated with breast cancer cells and,

when tumor volumes reached 500-550 mm’, a single dose of SL7207 or YB1 or VNP20009 was
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injected via the tail vein. At varying time points, mice were cuthanized and most organs and
tumor were collected, homogenized and cultured on LB agar plates with antibiotics and DAP.
CFU/gram was used as a relative measure of the degree of colonization of the tissues with
bacteria.

For SL7207 inoculated mice, 1E+02 to 1E+04 CFU/gram of bacteria were found in all
tissues at 6 hours (Fig. 9A), except for the level in blood which was much higher (1.3E+03
CFU/gram). Bacterial levels increased in all tissues subsequently with an uncontrolled infection
by day 3 (Fig. 9A). The tumor to liver ratio of SL7207 was 2.78:1 at day 3. Mice started to die
on day 7. On day 11, SL7207 levels in liver reached 3.8E+09 CFU/gram (Fig. 9A) and after that

all mice died.

For YBI injected mice, levels of bacteria were approximately the same as for the SL7207
inoculated mice in all tissues 6 hours after inoculation (Fig. 9B), and bacteria were eliminated in
the blood of 70% of the mice. After 1 day YB1 was climinated from the blood and subsequently
the levels in all normal tissues rapidly declined. In tumor, YBI1 levels increased to a plateau of
~1E+08 CFU/gram by day 3 (Fig. 9B) The tumor to liver ratio of YB1 CFU/gram was ~7,000:1
on day 3 and ~20,000:1 on day 7 (Fig. 9B). By day 26, YB1 was totally eliminated from heart,
kidney, lung, lymph node, and spleen. YB1 was also climinated from liver in five of the six mice
tested, remaining in one mouse with a CFU/gram of 1.3E+03. YB1 showed significant
preference in tumor than other organs (P<0.05 on day 5 and day11; P<0.01 on day 7 and day 26).

No YBI1 was detected inside bone marrow within the whole process of the experiments

The accumulation of VNP20009 in different organs was also evaluated by CFU test. Like
YB1, VNP20009 also showed tumor preference (P<0.05) as previous reported [21, 47]. The
distribution in tumor reached to a plateau of ~3E+08 CFU/gram by day 5 (Fig 9C). The best
tumor to liver ratio was ~3,900:1 on day 5 (Fig 9C). Compared with the SL7207 strain,
VNP20009 demonstrated quick clearance in normal organs, but at a slower elimination speed
than YB1 in liver (P<0.05), kidney (P<0.05), spleen (P<0.05), lung, lymph node, and heart (Fig.
9).

Immuno-staining of sections of tumor and liver confirmed the distribution of Salmonella

bacteria in these tissues. Both YB1 and SL7207 targeted the tumor, with large amounts of
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bacteria being present from day 3 onwards (Fig. 10A). In liver, YBI1 decreased and was almost
eradicated by day 7 with little effect on liver structure (Fig. 10B). For SL7207 treated mice,

continuing bacterial accumulation and liver damage were obvious (Fig. 10B).
4.4 YBI1 Targeting of Hypoxic and Necrotic Regions in Tumors

Hypoxyprobe™-1 (pimonidazole hydrochloride) was used as a hypoxia marker to
demonstrate the distribution of Sa/monella in tumors. When immunostaining breast cancer tumor
sections, hypoxic and necrotic arecas were found (Fig. 11), which is consistent with previous
reports. After the injection of Salmonella into tumor-bearing mice, most bacteria accumulated in
the Hypoxyprobe™-1 marked region (Fig. 12A). Formation of hypoxic regions in a tumor might
be due to disorganization of blood vessel development. The area colonized by YBI had little or
no blood vessels as indicated by CD31 staining (Fig. 12B), which suggested colonization by
bacteria of the hypoxic region in the tumor. Staining with a GR-1 antibody to examine the
immune response to bacterial invasion revealed infiltration of Gr-1+ host neutrophils into the

breast tumor where they appeared to form a barrier around YB1 (Fig. 12C).

4.5 YBI1 Inhibited Tumor Growth in vivo

As YBI1 invaded MDA-MB-231 breast cancer cells in vitro, causing cell apoptosis, its
effect in vivo was measured. Tumor growth (tumor volume at bacterial inoculation ~500-550
mm’) in YBI treated mice was initially inhibited and then delayed relative to PBS treated mice
(P<0.05 on day 3, P<0.001 from day 5 to day 21) (Fig. 13A). Little further tumor growth was
seen in SL7207 treated mice as bacterial toxicity caused death between days 7 and 11 (Fig. 13A).
Mice treated with YB1 (with or without a tumor) and YB-asd treated tumor free mice survived
more than 25 days as did mice (with or without a tumor) treated with PBS (Fig. 13B). SL7207
treated mice started to die on days 5 and 7 with all mice dying by days § and 11 (without or with
a tumor, respectively). SL7207 treated mice with a tumor had a slightly better survival rate (Fig.
13B).

While the reduction in tumor growth in YBI1 treated mice was marked compared with
PBS treated mice, the tumor was still growing. Treatment of tumor bearing mice with the
therapeutic agent 5-FU showed only a small reduction in tumor growth relative to PBS treatment

(P>0.05). However, when 5-FU was given to YBI infected tumor bearing mice, a much greater
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reduction in tumor size was observed than with the individual treatments (YB1+ 5-FU group vs.
PBS group or 5-FU group showed P<0.05 on day 4 and P<0.001 from day 6 to day 15; YB1+ 5-
FU group vs. YB1 group showed P<0.05 on day 6,8, P<0.01 on day10,12, and P<0.001 on day
15) (Fig. 13C).

4.6 Comparison of Strain YB1 and VNP20009 in Tumor Regression and Targeting

To further evaluate the anti-tumor effect of YB1 strain, we compared it with the well-
known tumor targeting strain VNP20009. A single dose of VNP20009 or YB1 was also injected
via the tail vein to breast tumor bearing mice (tumor volume at bacterial inoculation ~360 mm?).
The tumor size was measured every two days. Both YB1 (P<0.01) and VNP20009 (P<0.05)
could delay tumor growth compared with PBS treatment group. However, YB1 showed stronger

tumor inhibition than VNP20009 (P<0.05) (Fig. 13D).

4.7 YB1 Treatment of Liver Cancer in Nude Mice Model

In MHCC97-L liver cancer model, a single dose of YBI treatment showed significant
repression of liver cancer growth and metastasis (Fig. 14). The tumor growth was compared
between the groups with YBI1 treatment and PBS treatment, which was monitored by Xenogen
IVIS imaging system (Fig. 14A). Distant lung metastasis was confirmed after histology
examination (Fig. 14C). The imaging results showed the tumor was starting to shrink in size
after 10 days’ YBI treatment. After 3 wecks, the tumor size of all treatment mice showed

dramatically reduction. Some mice even showed totally elimination of tumors (Fig. 14).
5. Examples
5.1 Cloning and Assembling Strictly Hypoxia Regulated an Essential Gene Expressing

Cassette

Bacteria and plasmids used or created here are given in Table 1 and primers used are in
Table 2. The asd gene and the promoter of the pepT gene were cloned from the chromosome of

SL7207 by PCR with primer pairs asd-C-F and asd-C-R, pepT-F and pepT-R (prcheating at 95
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°C for 5 mins, followed by 30 cycles of denaturing at 95 °C for 30 seconds, annealing at 60 °C
for 30 seconds, elongation at 72 °C for 1 min, with final extension at 72 °C for 10 minutes, and
then cooling to room temperature) whilst asd-myc was generated with the asd-C-F and asd-C-
myc-R primer pair. PansB and PsodA (promoters of ansB and sodA) constructs were generated
by an annealing process with oligonucleotide pairs ansB-F and ansB-R, sodA-F and sodA-R (10
uM forward and reverse primers were mixed and heated at 95 °C for 5 mins, and placed at room
temperature for 30 mins). The antibiotic marker was amplified by PCR with primers cm-F and
cm-R from a ploxp-cm-loxp template [S1]. The plasmids for the asd expression vectors were
built on the backbone of pBluescript II SK (pBSK) which was digested by HindIII, Xhol, Notl
and Pstl. After ligation by T4 ligase, plasmids pYB1 (pBSK-cm-PpepT-asd-PsodA), pYB1-myc
(pBSK-cm-PpepT-asd-myc-PsodA), pYB-pw (pBSK-cm-PpepT-asd), pYB-myc-pw (pBSK-cm-
PpepT-asd-myc), pYB-ew (pBSK-cm-PansB-asd-PsodA), and pYB-myc-ew (pBSK-cm-PansB-

asd-myc-PsodA) were gencrated.
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Table 1
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Relevant genotype or characteristics

Ref. or source

Strain

5. typhimurium

SL7207 hisG46 DELAOT [aroAxTnl0 {Te*} ] wild type in this study {1
VNP20GO9 YS72; Apurd, AmshbB ATCC
YBl SL7207; Con®y Aasd.-em-PpepT-asd-sodd This patent
YBl-mve SL7207; Co®; Aasd.cm-PpepT-asd-mye-sodd This patent
Y B-asd SL7207; Cm™; Aasd This patent
YB-pw SL7207; Coif; Aasd::om-PpepTasd This patent
YB-myc-pw SL7207; Cm¥; Aasdem-Ppep I-asd-myc Thus patent
YB-ew SL7207; Cm®; Aasd:rem-PansB-asd-sodd This patent
Y B-myc-ew SL7207; Cm®; Aasd. :em-PansB-asd-mve-sodA4 This patent
Plasmid
pBluescript II SK ApX: cloning vector Stratagene
ploxp-cn-loxp ApR, Com® ; pBSK derivative containing loxp-cm-loxp 2. 3]
fragnient
pSim6 ApR: Lambda-red recombinase plasinid {4
p705Cre-Kin Km?; cre-recombinase expressing plasmid {2}
pYBI ApRi Cm®; pBSK derivative with car-PpepT-asd-sodd fusion  This patent
»YBi-myc Ap™ Cm®; pBSK derivative with om-Ppep T-asd-myc-sod4 This patent

pYB-pw

7Y B-mye-pw

rYB-ew

PYB-myec-ew

fusion
ApR CmP; pBSK derivative with cm-PpepT-asd fusion
ApF; Cni®; pBSK derivative with om-PpepT-asd-myc fusion

Ap® CmP; pBSK derivative with cm-PansB-asd-sed A fusion

Ap® CmP: pBSK derivative with cw-PansB-asd-mye-sodd
fusion

This patent
This patent

Tlus patent

This patent

1. Hoiseth, S.K. & Stocker, B.A. Aromatic-dependent Salmonella typhimurium are non-virulent and effective as
five vaccines, Nature 291, 238-239(1981).

2. din, Y., Watt, R.M., Danchin, A. & Huang, 1.D. Small noncoding RNA GevB is a novel regulator of acid resistance
in Escherichia coli. BMC Genomics 18, 165{2009).

3. Yu, B. 2t al. A method to generate recombinant Salmonells typhi Ty21la strains expressing multiple
heterologous genes using an improved recombineering strategy. Appl Microbiol Biotechnal, 21, 177-188{2011).
4. Datta, S., Costantina, M. & Court, D.L. A set of recombineering plasmids for gram-negative bacteria. Gene 379,
109-115{2006).
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Table 2

Primers Segquence (5°-3%) Purpose

pepTF ATTTGCEHS!

pepd promoter
pepT-R CoCR
. GUGRARCCGATGARRAATGTTGSTITTA
asd-C-F
RN § P R
asd-C-R ] COAGOTACGCCARCTSCOGUAGCATTCGA asd gene with or

without mve-tag

-
{
\

- TTCPGETTC

asd-myc-C-R .

e F ¥

ATT TGO CTT Y TT T GAC T G LCTCAR AN T TTETAGATY
AT TOACGTTCTEAATTG

ansB-F

ansB promoter
ansB-R

ATTTGACH

sadA-F

sodd promoter
sod A-R

cm-F

chioramphenicol
resistance gene

el e

cm-R ATTTGCESCOGIGAT

asd-F

knock-out asd
gene from 817207

chromosome
asd-R

T atas S atalalss
REEE L 1:&( i

VBI-F knock-in oxygen
response cassette
to SL7207

chromosome

YBi-R

YBi-test-F Verification of

YBitest-R  ACATTOCAGTTTGOOGACTT mseriion
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5.2 Construction of Oxygen Sensitive Salmonella Mutant (YB1)

The A-Red recombination system (plasmid pSim6) [52] was used to replace the asd gene
with the cm-PpepT-asd-sodA genetic circuit in SL7207. As a first step the target asd gene was
generated with a ploxp-cm-loxp template in a PCR reaction, electroporated into recombination-
competent cells and selected on chloramphenicol Luria-Bertani (LB) plates. Antibiotic resistance
genes were removed by site-specific Cre/loxP mediated recombination by transformation of
plasmid p705cre-Km, generating the strain YB-asd. Next, the cm-PpepT-asd-sodA genetic circuit
was amplified from plasmid pYBI1 and, after recombinant, the correct colony was selected and
confirmed by PCR giving strain YB1. Strains YB1-his, YB-pw, and YB-ew were constructed
similarly with the plasmids pYBl-myc, pYB-pw, pYB-pw-myc, pYB-ew, and pYB-ew as
templates, respectively (Fig. 3).

5.3 YBI1 in Different Environments

By controlling essential gene asd with inducible promoters, facultative anaerobic gram-
negative bacteria were transferred into “obligate” anaerobe without otherwise interfering with
the function of the bacterium. This novel kind “obligate” anacrobe is reversible. It has two
phases: under anaerobic condition, it could grow and live as normal facultative anacrobic gram-
negative bacteria; under acrobic condition, it has two choices. With additional chemical
diaminopimelic acid (DAP), YB1 could act full functional as facultative anacrobic gram-
negative bacteria, but without DAP, it could lyse and die in short period time. Therefore, oxygen

and DAP are two important factors to control “obligate” anaerobic ability of YBI1 (Fig. 4).

To test the growth of Salmonella strains and mutants under aerobic and anaerobic
conditions, bacterial strains were grown in LB medium at 37 °C, with shaking at 220 rpm over
night. Aerobic conditions were achieved by shaking in broth, and anaerobic cultures were either
grown in anacrobic tubes or an anaerobic jar (Mitsubishi Gas Chemical Company). Overnight
cultures of Salmonella strains SL7207, YB-asd, YB1, YB-pw, and YB-ew were counted and
diluted into samples at SE+04 colony forming units (CFU)/ml, with each strain divided into two
groups (with or without DAP) in LB broth. OD600 was measured every 30 minutes for aerobic
cultures, and each hour for anaerobic cultures from 0 hours to 24 hours. For LB agar plate assays,

an anaerobic jar was applied to generate different oxygen concentrations by combinations of
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AnaeroPacks and monitored by an oxygen meter. Ten serial dilutions of individual drops from a
high concentration of 5SE+06 CFU/ml to 5E+01 CFU/ml, where each drop contained 10 pl of
bacterial culture, were added to plates that were cultured in an anacrobic jar at 37 °C for 2 days.

The results were showed in Figs. 5 & 7.
5.4 Bacteria Strains Invasion of Breast Cancer Cells in vitro

Salmonella and MDA-MB-231 cells were prepared and co-cultured at a ratio of
1000~500:1 for 2 hours under anacrobic (02<0.5%) or acrobic conditions. The cells were then
washed with PBS and cultured in gentamycin supplemented medium to remove extracellular
bacteria. 24 hours later, cells were fixed in paraformaldehyde (4%) and stained with an anti-
Salmonella antibody (1:500, Abcam) overnight at 4°C. A Cy3 conjugated secondary antibody
was added and incubated for 1 hour at room temperature. Then FITC conjugated Phalloidin
(1:1000) was applied to indicate cell boundaries. Images were observed under a confocal
microscope. Cancer cell apoptosis and death induced by bacteria under anaerobic conditions
were detected by an annexin V-PI kit (Biovision) according to manufacturer’s instructions. As
shown by flow cytometry, annexin V+/PI- cells are apoptotic and annexin V+/PI+ cells are dead.

The results were showed in Fig. 8.
5.5 Bacteria Strains in the Treatment of Breast Cancer Nude Mice Model

5E+05 MDA-MB-231 cells were inoculated at the fat pad of four-week-old nude mice.
The tumor volumes were calculated by the following formula: 4/3 x 7 x (h x w?) / 8, h = height
and w = width. When the tumors grew to about 500-550 mm3 (15-19 days), mice were divided
into groups for experiments. If tumors reached 4000 mm® (20 mm in diameter) [53], mice were

euthanized.

To measure the effect of bacterial inoculation on mouse survival and tumor growth, two
groups of 10 mice were treated with cither YB1 (5E+07 CFU), SL7207 (5E+07 CFU), and 6
mice for PBS group with volume of 100 ul injected through the tail vein ( i.v.). Tumor size
(starting volume is about 500-550 mm3) was measured by caliper every 2 to 3 days (Fig. 13 A).
Mouse survival rate was recorded (Fig. 13 B). For VNP20009 and YB1 comparison test,
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additional 6 mice for each group were administrated with same dose (SE+07 CFU), but with
smaller tumor starting size (about 360 mm3) (Fig. 13 D).

To measure the bacterial distribution after inoculation, Mice were treated with same
method as above and sacrificed at the indicated time points (a total of 6 mice of YBI1 group and
SL7207 group for each time point; 5 mice of VNP20009 group for each time point) and tissues
were weighed, homogenized, serially diluted in PBS and plated with the required antibiotics and
DAP. CFU were counted after two days growth. The experiments of YB1 and SL7207 treatment
were repeated three times with two mice per time point per experiment; the experiments of
VNP20009 treatment were repeated two times with 2-3 mice per time point per experiment (Fig.

9).

A possible synergistic effect of YB1 and 5-FU was tested in 48 tumor-bearing mice that
were divided into four groups with 12 mice each and treated with PBS, PBS with 5-FU
(60mg/Kg), a single dose of YB1 (SE+07 CFU) or a single dose of YB1 (5E+07 CFU) plus 5-FU.
For the 5-FU-treatmenmt groups, 5-FU was intra-peritoneal (i.p) injected every four days starting

from day 3 after bacterial injection (Fig. 13C).

5.6 YB1in the Treatment of Liver Cancer Nude Mice Model

Male nude mice 4-6 weeks old were used. MHCCOI7L cells of 6E+05 were injected into
the right flank subcutanecously of each mouse. Once the tumor reached to 0.8-1 cm in diameter,
they were surgically removed and cut into cubes with 1-2 mm’ in volume. Then the tumor seeds
were implanted into the left liver lobes of another healthy nude mice group [54] for another 2
weeks. The dose of SE+07 CFU of YB1 were applied to treat mice. The tumor growth was
monitored by Xenogen IVIS 100 at different time points after YBI treatment on day 0, day 10,
week 2, and week 3. Each mouse was i.p. with 100 ug D-luciferin before imaging. The results

were showed in Fig. 14.

5.7 Using Chronic live intravital animal imaging system ('Window Chamber’) to directly

observe the anti-tumor effect of YB1

The dorsal skinfold window chamber is a sophisticated animal model, which could

observe dynamic interaction of certain region with surrounding host tissue in mice. This chronic
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model offers a repeatable analysis of tumor progression, treatment, and angiogenesis during 2-3

weeks after tumor implantation [55, 56].
5.7.1 Construct "Window Chamber' animal model

In the surgery, first, anesthetized mouse was placed it on a thermostatic blanket to
maintain the body temperature. Second, the mouse was sterilized most skin of by 70% ethanol.
Third, the dorsal skin was gently pulled loose, and attached with two pieces of window chamber
clamps. Fourth, both sides of the skin were punched with three holes at the screw positions by
18G needle. Fifth, the screws were inserted and fixed on the front widow chamber though three
holes (Fig. 15A). Sixth, the forward layer skin was hold by mosquito forceps and cut, and left the
opposing layer intact. Seventh, about 20ul tumor cells suspension were injected by 29G syringe
between the layer of fascial plane and dermis. Eighth, a glass coverslip was placed on the
window and secured with retaining ring (Figs. 15B, 15C). To avoid infection, each mouse was
giving 500mg streptomycin everyday by i.p. injection. This procedure was adapted from

Palmer’s protocol [56].
5.7.2 Observe tumor formation with "Window Chamber' model

After three days tumor implantation, mice were anaesthetized again and placed under
stereo microscope (Figs. 16A-D). Tumor mass was found localized around blood vessels for
supplying nutrient and oxygen. Magnified figured showed the details single tumor cells (Fig.
16D).

5.7.3 Observe the anti-tumor effect of YB1 with ‘Window Chamber’ model

When the tumor bearing mice model were ready, as showed in Supplementary Figs. 16,
SE+07 CFU YBI1 were i.v. injected though tail vein. 30 mins after treatment, YB1 was found
localized within tumor region (Fig. 17A). After 12 hrs, tumor showed regression, and this effect
lasted for 5 days until the whole area of tumor was climinated (Fig. 17A). The apoptosis of
cancer cells could be observed after 12 hrs and 36 hrs (Figs. 17C, D).

5.8 Characterization of immune response in tumor microenvironment interfered by YB1
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After YB1 was administrated to tumor bearing mice, the innate immune system was
activated (Fig. 12C). To investigate the details, tumors of different time points was dissected and
dissolved into single cells, and were further analyzed by FACS (Figs. 18A-D). The results
indicated that after YBI treatment, the total percentage of immune cells was increasing to two
times compared with PBS control group on day 10 (Fig. 18A). Furthermore, most activated
immune cells were neutrophils (Figs. 18B, C, D). Paraffin section suggested YB1 were co-

localized and surrounded with neutrophils (Figs. 19A-F).
5.9. YBI1 in the treatment of other tumor models in vitro
5.9.1 Cell proliferation assay of cervical cancer cell line Hela

1E+03 Hela cells were seeded in a 96 well plate and grew overnight in incubator. After
2h co-culture with YB1 (2E+05 CFU) supplied with DAP, cells were washed with PBS for three
times and subsequently cultured for further 24, 48, 72 and 96 hrs. A MTT assay was performed
to evaluate the anti-cancer effect of YB1 (Fig. 20).

5.9.2 YBI1 invasion assay of Lung cancer, Colon cancer, Ovarian cancer, Myeloma, and

Neuroblastoma under anaerobic condition

Cancer cell lines of Lung cancer A549, Colon cancer Caco-2, Ovarian Cancer ov443,
Myeloma NSI1, and Neuroblastoma SH-SYSY were seeded and cultured in 6 well plate
respectively. 2E+07 CFU of YB1 were co-culture with different cancer lines for 24 hrs under
anaerobic condition. The result indicated YB1 had a ability of invasion to all of these cell lines

under anaerobic condition (Figs. 21A-C).
5.9.3 Safety test of YB1 in Rat model

Fifteen Buffalo rats (about 200 g cach) were divided into three groups (five rats for each
group) to test the maximum tolerance dose of YBI1. Each rat in high dose group was challenged
with 5E+09 CFU (medium dose group with 5E+08 CFU; low dose group with 5E+07 CFU )
though penis vein injection. All rats in high group were killed within one day after treatment. No
death of Rats was observed in other groups for three weeks. Furthermore, there was no trace of

YB1 within liver or spleen after three weeks' treatment. The result indicated YB1 was safe to
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administrate with SE+08 CFU or lower by i.v. injection in Buffalo rat, which was 10 times

higher than in mouse model.

6. Human Treatment

6.1 Formulations

The modified bacteria provided herein can be administered to a patient in the
conventional form of preparations, such as injections and suspensions. Suitable formulations can
be prepared by methods commonly employed using conventional, organic or inorganic additives,
such as an excipient sclected from fillers or diluents, binders, disintegrants, lubricants, flavoring
agents, preservatives, stabilizers, suspending agents, dispersing agents, surfactants, antioxidants

or solubilizers.

Excipients that may be selected are known to those skilled in the art and include, but are
not limited to fillers or diluents (e.g., sucrose, starch, mannitol, sorbitol, lactose, glucose,
cellulose, tale, calcium phosphate or calcium carbonate and the like), a binder (e.g., cellulose,
carboxymethylcellulose, methylcellulose, hydroxymethylcellulose,
hydroxypropylmethylcellulose, polypropylpyrrolidone, polyvinylpyrrolidone, gelatin, gum
arabic, polyethyleneglycol or starch and the like), a disintegrants (e.g., sodium starch glycolate,
croscarmellose sodium and the like), a lubricant (e.g., magnesium stearate, light anhydrous
silicic acid, talc or sodium lauryl sulfate and the like), a flavoring agent (e.g., citric acid, or
menthol and the like), a preservative (e.g., sodium benzoate, sodium bisulfite, methylparaben or
propylparaben and the like), a stabilizer (e.g., citric acid, sodium citrate or acetic acid and the
like), a suspending agent (e.g., methylcellulose, polyvinyl pyrrolidone or aluminum stearate and
the like), a dispersing agent (e.g., hydroxypropylmethylcellulose and the like), surfactants (e.g.,
sodium lauryl sulfate, polaxamer, polysorbates and the like), antioxidants (e.g., cthylene diamine
tetraacetic acid (EDTA), butylated hydroxyl toluene (BHT) and the like) and solubilizers (e.g.,
polyethylene glycols, SOLUTOL®, GELUCIRE® and the like). The effective amount of the
modified bacteria provided herein in the pharmaceutical composition may be at a level that will

exercise the desired effect.

In another embodiment, provided herecin are compositions comprising an effective
amount of modified bacteria provided herein and a pharmaceutically acceptable carrier or vehicle,
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wherein a pharmaceutically acceptable carrier or vehicle can comprise an excipient, diluent, or a

mixture thereof. In one embodiment, the composition is a pharmaceutical composition.

Compositions can be formulated to contain a daily dose, or a convenient fraction of a
daily dose, in a dosage unit. In general, the composition is prepared according to known
methods in pharmaceutical chemistry. Capsules can be prepared by mixing the modified bacteria
provided herein with a suitable carrier or diluent and filling the proper amount of the mixture in

capsules.
6.2 Method of Use

Solid tumor cancers that can be treated by the methods provided herein include, but are
not limited to, sarcomas, carcinomas, and lymphomas. In specific embodiments, cancers that can
be treated in accordance with the methods described include, but are not limited to, cancer of the
breast, liver, neuroblastoma, head, neck, eye, mouth, throat, esophagus, esophagus, chest, bone,
lung, kidney, colon, rectum or other gastrointestinal tract organs, stomach, spleen, skeletal
muscle, subcutaneous tissue, prostate, breast, ovaries, testicles or other reproductive organs, skin,

thyroid, blood, lymph nodes, kidney, liver, pancreas, and brain or central nervous system.

In particular embodiments, the methods for treating cancer provided herein inhibit,
reduce, diminish, arrest, or stabilize a tumor associated with the cancer. In other embodiments,
the methods for treating cancer provided herein inhibit, reduce, diminish, arrest, or stabilize the
blood flow, metabolism, or edema in a tumor associated with the cancer or one or more
symptoms thercof. In specific embodiments, the methods for treating cancer provided herein
cause the regression of a tumor, tumor blood flow, tumor metabolism, or peritumor edema,
and/or one or more symptoms associated with the cancer. In other embodiments, the methods
for treating cancer provided herein maintain the size of the tumor so that it does not increase, or
so that it increases by less than the increase of a tumor after administration of a standard therapy
as measured by conventional methods available to one of skill in the art, such as digital rectal
exam, ultrasound (e.g., transrectal ultrasound), CT Scan, MRI, dynamic contrast-enhanced MRI,
or PET Scan. In specific embodiments, the methods for treating cancer provided herein decrease
tumor size. In certain embodiments, the methods for treating cancer provided herein reduce the
formation of a tumor. In certain embodiments, the methods for treating cancer provided herein
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cradicate, remove, or control primary, regional and/or metastatic tumors associated with the
cancer. In some embodiments, the methods for treating cancer provided hercin decrease the

number or size of metastases associated with the cancer.

In certain embodiments, the methods for treating cancer provided herein reduce the tumor
size (e.g., volume or diameter) in a subject by at least about 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45 %, 50%, 55%, 60%, 65%, 80%, 85%, 90%, 95 %, 99%, or 100%, relative to
tumor size (e.g., volume or diameter) prior to administration of modified bacteria as assessed by
methods well known in the art, e.g., CT Scan, MRI, DCE-MRI, or PET Scan. In particular
embodiments, the methods for treating cancer provided herein reduce the tumor volume or tumor
size (e.g., diameter) in a subject by an amount in the range of about 5% to 20%, 10% to 20%,
10% to 30%, 15% to 40%, 15% to 50%, 20% to 30%, 20% to 40%, 20% to 50%, 30% to 60%,
30% to 70%, 30% to 80%, 30% to 90%, 30% to 95%, 30% to 99%, 30% to 100%, or any range
in between, relative to tumor size (e.g., diameter) in a subject prior to administration of modified
bacteria as assessed by methods well known in the art, e.g., CT Scan, MRI, DCE-MRI, or PET

Scan.

In certain embodiments, the methods for treating cancer provided herein reduce the tumor
perfusion in a subject by at least about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45 %, 50%,
55%, 60%, 65%, 80%, 85%, 90%, 95 %, 99%, or 100%, relative to tumor perfusion prior to
administration of modified bacteria as assessed by methods well known in the art, e.g., MRI,
DCE-MRI, or PET Scan. In particular embodiments, the methods for treating cancer provided
herein reduce the tumor perfusion in a subject by an amount in the range of about 5% to 20%,
10% to 20%, 10% to 30%, 15% to 40%, 15% to 50%, 20% to 30%, 20% to 40%, 20% to 50%,
30% to 60%, 30% to 70%, 30% to 80%, 30% to 90%, 30% to 95%, 30% to 99%, 30% to 100%,
or any range in between, relative to tumor perfusion prior to administration of modified bacteria,

as assessed by methods well known in the art, e.g., MRI, DCE-MRI, or PET Scan.

In particular aspects, the methods for treating cancer provided herein inhibit or decrease
tumor metabolism in a subject as assessed by methods well known in the art, e.g., PET scanning.
In specific embodiments, the methods for treating cancer provided herein inhibit or decrease

tumor metabolism in a subject by at least about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45
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%, 50%, 55%, 60%, 65%, 80%, 85%, 90%, 95 %, or 100%, relative to tumor metabolism prior to
administration of modified bacteria, as assessed by methods well known in the art, e.g., PET
scanning. In particular embodiments, the methods for treating cancer provided herein inhibit or
decrease tumor metabolism in a subject in the range of about 5% to 20%, 10% to 20%, 10% to
30%, 15% to 40%, 15% to 50%, 20% to 30%, 20% to 40%, 20% to 50%, 30% to 60%, 30% to
70%, 30% to 80%, 30% to 90%, 30% to 95%, 30% to 99%, 30% to 100%, or any range in
between, relative to tumor metabolism prior to administration of modified bacteria, as assessed

by methods well known in the art, e.g., PET scan.
6.3 Patient Population

In some embodiments, a subject treated for cancer in accordance with the methods
provided herein is a human who has or is diagnosed with cancer. In other embodiments, a
subject treated for cancer in accordance with the methods provided herein is a human
predisposed or susceptible to cancer. In some embodiments, a subject treated for cancer in

accordance with the methods provided herein is a human at risk of developing cancer.

In one embodiment, a subject treated for cancer in accordance with the methods provided
herein is a human infant. In another embodiment, a subject treated for cancer in accordance with
the methods provided herein is a human toddler. In another embodiment, a subject treated for
cancer in accordance with the methods provided herein is a human child. In another embodiment,
a subject treated for cancer in accordance with the methods provided herein is a human adult. In
another embodiment, a subject treated for cancer in accordance with the methods provided herein
is a middle-aged human. In another embodiment, a subject treated for cancer in accordance with

the methods provided herein is an elderly human.

In certain embodiments, a subject treated for cancer in accordance with the methods
provided herein has a cancer that metastasized to other arcas of the body, such as the bones, lung
and liver. In certain embodiments, a subject treated for cancer in accordance with the methods
provided herein is in remission from the cancer. In some embodiments, a subject treated for
cancer in accordance with the methods provided herein that has a recurrence of the cancer. In
certain embodiments, a subject treated in accordance with the methods provided herein is
experiencing recurrence of one or more tumors associated with cancer.
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In certain embodiments, a subject treated for cancer in accordance with the methods
provided herein is a human that is about 1 to about 5 years old, about 5 to 10 years old, about 10
to about 18 years old, about 18 to about 30 years old, about 25 to about 35 years old, about 35 to
about 45 years old, about 40 to about 55 years old, about 50 to about 65 years old, about 60 to
about 75 years old, about 70 to about 85 years old, about 80 to about 90 years old, about 90 to
about 95 years old or about 95 to about 100 years old, or any age in between. In a specific
embodiment, a subject treated for cancer in accordance with the methods provided herein is a
human that is 18 years old or older. In a particular embodiment, a subject treated for cancer in
accordance with the methods provided herein is a human child that is between the age of 1 year
old to 18 years old. In a certain embodiment, a subject treated for cancer in accordance with the
methods provided herein is a human that is between the age of 12 years old and 18 years old. In
a certain embodiment, the subject is a male human. In another embodiment, the subject is a
female human. In one embodiment, the subject is a female human that is not pregnant or is not
breastfeeding. In one embodiment, the subject is a female that is pregnant or will/might become

pregnant, or is breast feeding.

In some embodiments, a subject treated for cancer in accordance with the methods
provided herein is administered modified bacteria or a pharmaceutical composition thereof, or a
combination therapy before any adverse effects or intolerance to therapies other than the
modified bacteria develops. In some embodiments, a subject treated for cancer in accordance
with the methods provided herein is a refractory patient. In a certain embodiment, a refractory
patient is a patient refractory to a standard therapy (e.g., surgery, radiation, anti-androgen therapy
and/or drug therapy such as chemotherapy). In certain embodiments, a patient with cancer is
refractory to a therapy when the cancer has not significantly been eradicated and/or the one or
more symptoms have not been significantly alleviated. The determination of whether a patient is
refractory can be made cither in vivo or in vitro by any method known in the art for assaying the
effectiveness of a treatment of cancer, using art-accepted meanings of “refractory” in such a
context. In various embodiments, a patient with cancer is refractory when one or more tumors
associated with cancer, have not decreased or have increased. In various embodiments, a patient

with cancer is refractory when one or more tumors metastasize and/or spread to another organ.
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In some embodiments, a subject treated for cancer accordance with the methods provided
herein is a human that has proven refractory to therapies other than treatment with modified
bacteria, but is no longer on these therapies. In certain embodiments, a subject treated for cancer
in accordance with the methods provided herein is a human already receiving one or more
conventional anti-cancer therapies, such as surgery, drug therapy such as chemotherapy, anti-
androgen therapy or radiation. Among these patients are refractory patients, patients who are too
young for conventional therapies, and patients with recurring tumors despite treatment with

existing therapies.
6.4 Dosage

In one aspect, a method for treating cancer presented herein involves the administration
of a unit dosage of modified bacteria thereof. The dosage may be administered as often as
determined effective (e.g., once, twice or three times per day, every other day, once or twice per
week, biweekly or monthly). In certain embodiments, a method for treating cancer presented
herein involves the administration to a subject in need thereof of a unit dose of modified bacteria

that can be determined by one skilled in the art.

In some embodiments, a unit dose of modified bacteria or a pharmaceutical composition
thereof is administered to a subject once per day, twice per day, three times per day; once, twice
or three times every other day (i.e., on alternate days); once, twice or three times every two days;
once, twice or three times every three days; once, twice or three times every four days; once,
twice or three times every five days; once, twice, or three times once a week, biweekly or

monthly, and the dosage may be administered orally.
6.5 Combination Therapy

Presented herein are combination therapies for the treatment of cancer which involve the
administration of modified bacteria in combination with one or more additional therapies to a
subject in need thercof. In a specific embodiment, presented herein are combination therapies
for the treatment of cancer which involve the administration of an effective amount of modified

bacteria in combination with an effective amount of another therapy to a subject in need thereof.
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As used herein, the term “in combination,” refers, in the context of the administration of
modified bacteria, to the administration of modified bacteria prior to, concurrently with, or
subsequent to the administration of one or more additional therapies (e.g., agents, surgery, or
radiation) for use in treating cancer. The use of the term “in combination” does not restrict the
order in which modified bacteria and one or more additional therapies are administered to a
subject. In specific embodiments, the interval of time between the administration of modified
bacteria and the administration of one or more additional therapies may be about 1-5 minutes, 1-
30 minutes, 30 minutes to 60 minutes, 1 hour, 1-2 hours, 2-6 hours, 2-12 hours, 12-24 hours, 1-2
days, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks,
6 weeks, 7 weeks, 8 weeks, 9 weeks, 10 weeks, 15 weeks, 20 weeks, 26 weeks, 52 weeks, 11-15
weeks, 15-20 weeks, 20-30 weeks, 30-40 weeks, 40-50 weeks, 1 month, 2 months, 3 months, 4
months 5 months, 6 months, 7 months, 8 months, 9 months, 10 months, 11 months, 12 months, 1
year, 2 years, or any period of time in between. In certain embodiments, modified bacteria and
one or more additional therapies are administered less than 1 day, 1 week, 2 weeks, 3 weeks, 4

weeks, one month, 2 months, 3 months, 6 months, 1 year, 2 years, or 5 years apart.

In some embodiments, the combination therapies provided herein involve administering
modified bacteria daily, and administering one or more additional therapies once a week, once
every 2 weeks, once every 3 weeks, once every 4 weeks, once every month, once every 2 months
(e.g., approximately 8 weeks), once every 3 months (e.g., approximately 12 weeks), or once
every 4 months (e.g., approximately 16 weeks). In certain embodiments, modified bacteria and
one or more additional therapies are cyclically administered to a subject. Cycling therapy
involves the administration of modified bacteria for a period of time, followed by the
administration of one or more additional therapies for a period of time, and repeating this
sequential administration. In certain embodiments, cycling therapy may also include a period of
rest where modified bacteria or the additional therapy is not administered for a period of time
(e.g., 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks,
10 weeks, 20 weeks, 1 month, 2 months, 3 months, 4 months, 5 months, 6 months, 7 months, 8
months, 9 months, 10 months, 11 months, 12 months, 2 years, or 3 years). In an embodiment,
the number of cycles administered is from 1 to 12 cycles, from 2 to 10 cycles, or from 2 to §

cycles.
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In some embodiments, the methods for treating cancer provided herein comprise
administering modified bacteria as a single agent for a period of time prior to administering the
modified bacteria in combination with an additional therapy. In certain embodiments, the
methods for treating cancer provided herein comprise administering an additional therapy alone
for a period of time prior to administering modified bacteria in combination with the additional

therapy.

In some embodiments, the administration of modified bacteria and one or more additional
therapies in accordance with the methods presented herein have an additive effect relative the
administration of modified bacteria or said one or more additional therapies alone. In some
embodiments, the administration of modified bacteria and one or more additional therapies in
accordance with the methods presented herein have a synergistic effect relative to the

administration of the Compound or said one or more additional therapies alone.

As used herein, the term “synergistic,” refers to the effect of the administration of
modified bacteria in combination with one or more additional therapies (e.g., agents), which
combination is more cffective than the additive effects of any two or more single therapies (e.g.,
agents). In a specific embodiment, a synergistic effect of a combination therapy permits the use
of lower dosages (e.g., sub-optimal doses) of modified bacteria or an additional therapy and/or
less frequent administration of modified bacteria or an additional therapy to a subject. In certain
embodiments, the ability to utilize lower dosages of modified bacteria or of an additional therapy
and/or to administer modified bacteria or said additional therapy less frequently reduces the
toxicity associated with the administration of modified bacteria or of said additional therapy,
respectively, to a subject without reducing the efficacy of modified bacteria or of said additional
therapy, respectively, in the treatment of cancer. In some embodiments, a synergistic effect
results in improved efficacy of modified bacteria and each of said additional therapies in treating
cancer. In some embodiments, a synergistic effect of a combination of modified bacteria and
one or more additional therapies avoids or reduces adverse or unwanted side effects associated

with the use of any single therapy.

The combination of modified bacteria and one or more additional therapies can be

administered to a subject in the same pharmaceutical composition. Alternatively, modified
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bacteria and one or more additional therapies can be administered concurrently to a subject in
separate pharmaceutical compositions. Modified bacteria and one or more additional therapies
can be administered sequentially to a subject in separate pharmaceutical compositions. Modified
bacteria and one or more additional therapies may also be administered to a subject by the same

or different routes of administration.

The combination therapies provided herein involve administering to a subject to in need
thereof modified bacteria in combination with conventional, or known, therapies for treating
cancer. Other therapies for cancer or a condition associated therewith are aimed at controlling or
relieving one or more symptoms. Accordingly, in some embodiments, the combination therapies
provided herein involve administering to a subject to in need thereof a pain reliever, or other
therapies aimed at alleviating or controlling one or more symptoms associated with or a

condition associated therewith.

Specific examples of anti-cancer agents that may be used in combination with modified
bacteria include: a hormonal agent (e.g., aromatase inhibitor, selective estrogen receptor
modulator (SERM), and estrogen receptor antagonist), chemotherapeutic agent (e.g., microtubule
dissembly blocker, antimetabolite, topisomerase inhibitor, and DNA crosslinker or damaging
agent), anti-angiogenic agent (e.g., VEGF antagonist, receptor antagonist, integrin antagonist,
vascular targeting agent (VTA)/vascular disrupting agent (VDA)), radiation therapy, and

conventional surgery.

Non-limiting examples of hormonal agents that may be used in combination with
modified bacteria include aromatase inhibitors, SERMs, and estrogen receptor antagonists.
Hormonal agents that are aromatase inhibitors may be steroidal or nonsteroidal. Non-limiting
examples of nonsteroidal hormonal agents include letrozole, anastrozole, aminoglutethimide,
fadrozole, and vorozole. Non-limiting examples of steroidal hormonal agents include aromasin
(exemestane), formestane, and testolactone. Non-limiting examples of hormonal agents that are
SERMs include tamoxifen (branded/marketed as Nolvadex®), afimoxifene, arzoxifene,
bazedoxifene, clomifene, femarelle, lasofoxifene, ormeloxifene, raloxifene, and toremifene.
Non-limiting examples of hormonal agents that arc estrogen receptor antagonists include

fulvestrant. Other hormonal agents include but are not limited to abiraterone and lonaprisan.
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Non-limiting examples of chemotherapeutic agents that may be used in combination with
modified bacteria include microtubule disasssembly blocker, antimetabolite, topisomerase
inhibitor, and DNA crosslinker or damaging agent. Chemotherapeutic agents that are
microtubule dissemby blockers include, but are not limited to, taxenes (e.g., paclitaxel
(branded/marketed as TAXOL®), docetaxel, abraxane, larotaxel, ortataxel, and tesctaxel);
epothilones (e.g., ixabepilone); and vinca alkaloids (e.g., vinorelbine, vinblastine, vindesine, and

vincristine (branded/marketed as ONCOVIN®)).

Chemotherapeutic agents that are antimetabolites include, but are not limited to, folate
anitmetabolites (e.g., methotrexate, aminopterin, pemetrexed, raltitrexed); purine antimetabolites
(e.g., cladribine, clofarabine, fludarabine, mercaptopurine, pentostatin, thioguanine); pyrimidine
antimetabolites (e.g., S-fluorouracil, capcitabine, gemcitabine (GEMZAR®), cytarabine,

decitabine, floxuridine, tegafur); and deoxyribonucleotide antimetabolites (e.g., hydroxyurea).

Chemotherapeutic agents that are topoisomerase inhibitors include, but are not limited to,
class I (camptotheca) topoisomerase inhibitors (e.g., topotecan (branded/marketed as
HYCAMTIN®) irinotecan, rubitecan, and belotecan); class II (podophyllum) topoisomerase
inhibitors (e.g., etoposide or VP-16, and teniposide); anthracyclines (e.g., doxorubicin, epirubicin,
Doxil, aclarubicin, amrubicin, daunorubicin, idarubicin, pirarubicin, valrubicin, and zorubicin);

and anthracenediones (¢.g., mitoxantrone, and pixantrone).

Chemotherapeutic agents that are DNA crosslinkers (or DNA damaging agents) include,
but are not limited to, alkylating agents (e.g., cyclophosphamide, mechlorethamine, ifosfamide
(branded/marketed as IFEX®), trofosfamide, chlorambucil, melphalan, prednimustine,
bendamustine, uramustine, estramustine, carmustine (branded/marketed as BICNU®), lomustine,
semustine, fotemustine, nimustine, ranimustine, streptozocin, busulfan, mannosulfan, treosulfan,
carboquone,  N,N'N'-triethylencthiophosphoramide,  triaziquone,  triethylenemelamine);
alkylating-like agents (e.g., carboplatin (branded/marketed as PARAPLATIN®), cisplatin,
oxaliplatin, nedaplatin, triplatin tetranitrate, satraplatin, picoplatin); nonclassical DNA
crosslinkers (e.g., procarbazine, dacarbazine, temozolomide (branded/marketed as
TEMODAR®), altretamine, mitobronitol); and intercalating agents (c.g., actinomycin,

bleomycin, mitomycin, and plicamycin).
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Non-limiting examples of other therapies that may be administered to a subject in

combination with a Compound include:

(1)
)

3)
4)
)
(6)
()

(®)

©)

(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)

1)

a statin such as lovostatin (e.g., branded/marketed as MEVACOR®);

an mTOR inhibitor such as sirolimus which is also known as Rapamycin (e.g.,
branded/marketed as RAPAMUNE®), temsirolimus (e.g., branded/marketed as
TORISEL®), evorolimus (e.g., branded/marketed as AFINITOR®™), and deforolimus;

a farnesyltransferase inhibitor agent such as tipifarnib;

an antifibrotic agent such as pirfenidone;

a pegylated interferon such as PEG-interferon alfa-2b;

a CNS stimulant such as methylphenidate (branded/marketed as RITALIN®);

a HER-2 antagonist such as anti-HER-2 antibody (e.g., trastuzumab) and kinase
inhibitor (e.g., lapatinib);

an IGF-1 antagonist such as an anti-IGF-1 antibody (e.g., AVE1642 and IMC-A11)
or an IGF-1 kinase inhibitor;

EGFR/HER-1 antagonist such as an anti-EGFR antibody (e.g., cctuximab,
panitumamab) or EGFR kinase inhibitor (e.g., erlotinib; gefitinib);

SRC antagonist such as bosutinib;

cyclin dependent kinase (CDK) inhibitor such as seliciclib;

Janus kinase 2 inhibitor such as lestaurtinib;

proteasome inhibitor such as bortezomib;

phosphodiesterase inhibitor such as anagrelide;

inosine monophosphate dehydrogenase inhibitor such as tiazofurine;

lipoxygenase inhibitor such as masoprocol,;

endothelin antagonist;

retinoid receptor antagonist such as tretinoin or alitretinoin;

immune modulator such as lenalidomide, pomalidomide, or thalidomide;

kinase (e.g., tyrosine kinase) inhibitor such as imatinib, dasatinib, erlotinib, nilotinib,
gefitinib, sorafenib, sunitinib, lapatinib, or TG100801;

non-steroidal anti-inflammatory agent such as celecoxib (branded/marketed as

CELEBREX"™);
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(22)
(23)
(24)
(25)
(26)
27)
(28)
(29)
(30)
GD
(32)
(33)
(34)
(35)

(36)

(37

human granulocyte colony-stimulating factor (G-CSF) such as filgrastim
(branded/marketed as NEUPOGEN®);

folinic acid or leucovorin calcium;

integrin antagonist such as an integrin a5 1-antagonist (e.g., JSM6427);

nuclear factor kappa beta (NF-kf3) antagonist such as OT-551, which is also an anti-
oxidant.

hedgehog inhibitor such as CUR61414, cyclopamine, GDC-0449, and anti-hedgehog
antibody;

histone deacetylase (HDAC) inhibitor such as SAHA (also known as vorinostat
(branded/marketed as ZOLINZA)), PCI-24781, SB939, CHR-3996, CRA-024781,
ITF2357, INJ-26481585, or PCI-24781;

retinoid such as isotretinoin (e.g., branded/marketed as ACCUTANE®)

hepatocyte growth factor/scatter factor (HGF/SF) antagonist such as HGF/SF
monoclonal antibody (e.g., AMG 102);

synthetic chemical such as antineoplaston;

anti-diabetic such as rosaiglitazone (e.g., branded/marketed as AVANDIA®)
antimalarial and amebicidal drug such as chloroquine (e.g., branded/marketed as
ARALEN®);

synthetic bradykinin such as RMP-7;

platelet-derived growth factor receptor inhibitor such as SU-101;

receptor tyrosine kinase inhibitorsof Flk-1/KDR/VEGFR2, FGFR1 and PDGFR beta
such as SU5416 and SU6668;

anti-inflammatory agent such as sulfasalazine (e.g., branded/marketed as
AZULFIDINE®); and

TGF-beta antisense therapy.

The invention is not to be limited in scope by the specific embodiments described herein.

Indeed, various modifications of the invention in addition to those described will become

apparent to those skilled in the art from the foregoing description and accompanying figures.

Such modifications are intended to fall within the scope of the appended claims.
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All references cited herein are incorporated herein by reference in their entireties and for
all purposes to the same extent as if cach individual publication or patent or patent application

was specifically and individually indicated to be incorporated by reference in its entirety for all

purposes.
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Claims

What is claimed is:

1.

10.
11.

12.

13.
14.

A method of making modified facultative anacrobic gram-negative bacteria into an
obligate anacrobe, wherein said facultative anacrobic gram-negative bacteria comprise a
strictly hypoxia regulated essential gene expressing cassette, and said obligate anacrobe
inhibits and reduces the growth of a solid tumor cancer when administered in vivo.

The method of claim 1, wherein the facultative anaerobic gram-negative bacteria are
Salmonella sp.

The method of claim 1, wherein the condition of the obligate anaerobe is diaminopimelic
acid (DAP).

The method of claim 1, wherein the essential gene is asd or dapA.

The method of claim 1, wherein the strictly hypoxia regulated cassette contains a forward
anaerobic inducible promoter, an essential gene, and a reverse aerobic promoter.

The method of claim 5, wherein the forward anaerobic inducible promoter is pepT, ansB
or fdhF.

The method of claim 5, wherein the reverse acrobic promoter is sodA.

The method of claim 1, wherein the strictly hypoxia regulated essential gene expressing
cassette is chromosome-based.

The method of claim 1, wherein the solid tumor cancer is breast cancer, liver cancer, lung
cancer, melanoma, colon carcinoma, kidney cancer, prostate cancer, neuroblastoma, or
bladder cancer.

The method of claim 1, wherein the cancer is breast cancer, liver cancer or neuroblastoma.
The method of treating cancer using a modified bacteria comprising a strictly hypoxia
regulated essential gene expressing cassette.

The method of claim 11 further comprising a treatment in combination with a second
cancer therapy.

The method of claim 2, wherein said bacteria are Salmonella typhi.

The method of claim 2, wherein said facultative anaerobic gram-negative bacteria are

Salmonella typhimurium.
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15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.
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The method of claim 2, wherein said facultative anaerobic gram-negative bacteria

Salmonella choleraesuis.

The method of claim 2, wherein said facultative anaerobic gram-negative bacteria

Salmonella enteritidis.

The method of claim 1, wherein
Escherichia coli.

The method of claim 17, wherein
Escherichia. coli K-12.

The method of claim 17, wherein
Escherichia. coli O157:H7.

The method of claim 1, wherein
Shigella.

The method of claim 20, wherein
Shigella dysenteriae.

The method of claim 20, wherein
Shigella flexneri.

The method of claim 20, wherein
Shigella boydii

The method of claim 20, wherein
Shigella sonnei.

The method of claim 1, wherein
Yersinia.

The method of claim 25, wherein
Yersinia pestis.

The method of claim 25, wherein
Yersinia pseudotuberculosis.

The method of claim 25, wherein

Yersina enterocolitica.

the facultative anaerobic gram-negative bacteria

said facultative anaerobic gram-negative bacteria

said facultative anaerobic gram-negative bacteria

the facultative anaerobic gram-negative bacteria

said facultative anaerobic gram-negative bacteria

said facultative anaerobic gram-negative bacteria

said facultative anacrobic gram-negative bacteria

said facultative anacrobic gram-negative bacteria

the facultative anaerobic gram-negative bacteria

said facultative anaerobic gram-negative bacteria

said facultative anaerobic gram-negative bacteria

said facultative anaerobic gram-negative bacteria

arc

arc

arc

arc

arc

arc

arc

arc

arc

arc

arc

arc

arc

arc

The method of claim 12, wherein the second cancer therapy is treatment with 5-

Fluorouracil (5-FU).
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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.

A vector comprising: (a) a hypoxia conditioned promoter comprising an inducer binding
site that is operatively linked to an essential gene; and (b) optionally further comprises an
an antisense promoter that is negatively regulated by the inducer.

The vector of claim 30, wherein the inducer binding site is FNR binding site.

The vector of claim 30, wherein the condition promoter is responsive to diaminopimelic
acid (DAP).

The vector of claim 30, wherein the essential gene is asd or dapA.

The vector of claim 30, wherein the hypoxia conditioned promoter is pep T, ansB or fdhF.
The vector of claim 30, wherein the antisense promoter is sodA.

A bacteria comprising the vector of claim 30.

The bacteria of claim 36, wherein the bacteria are Salmonella sp.

The bacteria of claim 37, wherein said bacteria are Salmonella typhi.

The bacteria of claim 37, wherein said bacteria are Salmonella typhimurium.

The bacteria of claim 37, wherein said bacteria are Salmonella choleraesuis.

The bacteria of claim 37, wherein said bacteria are Salmonella enteritidis.

The bacteria of claim 36, wherein said bacteria are Escherichia coli.

The bacteria of claim 42, wherein said bacteria are Escherichia. coli K-12.

The bacteria of claim 42, wherein said bacteria are Escherichia. coli O157:H7.

The bacteria of claim 36, wherein said bacteria are Shigella.

The bacteria of claim 45, wherein said bacteria are Shigella dysenteriae.

The bacteria of claim 45, wherein said bacteria are Shigella flexneri.

The bacteria of claim 45, wherein said bacteria are Shigella boydii

The bacteria of claim 45, wherein said bacteria are Shigella sonnei.

The bacteria of claim 36, wherein said bacteria are Yersinia.

The bacteria of claim 50, wherein said bacteria are Yersinia pestis.

The bacteria of claim 50, wherein said bacteria are Yersinia pseudotuberculosis.

The bacteria of claim 50, wherein said bacteria are Yersina enterocolitica.

A method of treating cancer/tumor using the bacteria of claim 36, wherein the
cancer/tumor is a cancer/tumor of the breast, liver, lung, skin, carcinoma, kidney, prostate,

nervous system, or bladder.
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55. The method of claim 54 further comprising a treatment in combination with a second
cancer therapy.

56. The method of claim §5, wherein the second cancer therapy is treatment with 5-FU.

57. Use of a modified bacteria comprising a strictly hypoxia regulated essential gene
expressing cassette in the manufacture of a medicament for treating cancer.

58. Use of the bacteria of claim 36 in the manufacture of a medicament for treating
cancer/tumor, wherein the cancer/tumor is a cancer/tumor of the breast, liver, lung, skin,

carcinoma, kidney, prostate, nervous system, or bladder.
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