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VNP20009, a genetically modified strain of Salmonella typhimurium with deletions in the msbB and purl loci, exhibited
antitumor activities when given systemically to tumor-bearing mice. VNP20009 inhibited the growth of subcutaneously
implanted B16F10 murine melanoma, and the human tumor xenografts Lox, DLD-1, A549, WiDr, HTB177, and MDA-
MB-231. A single intravenous injection of VNP20009, at doses ranging from 1 x 10* to 3 x 10° cfu/mouse, produced
tumor growth inhibitions of 57-95%. Tumor volume doubling time, another indicator for tumor growth inhibition, also
significantly increased in mice weated with VNP20009. Using mice with immune system deficiencies, we also demon-
strated that the antitumor effects of VNP20#09 did not depend on the presence of T and B cells. In addition, VNP200059,
given intravenously, inhibited the growth of lung metastases in mice. Only live bacteria showed the antitumor effect.
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It has long been known that tumor regression occasion-
ally occurs in patients with bacterial infections (1). An
infection arising from a tumor may be the first clinical
manifestation of neoplastic disease (2). Numerous clini-
cal reports describe patients with tumors infected by
bacteria, frequently Salmonella (3—6). For example, Giel
(4) described an abscess in a pheochromocytoma con-
taining 90 cc of thick, yellow pus encapsulated by a thin
sphere consisting of a few layers of tumor cells. The
bacteria were later identified as S. typhimurium.

The use of bacterial products for cancer treatment
dates back to the early 1900s. William B. Coley, who
was then a surgeon at Memorial Hospital, now Memo-
rial Sloan-Kettering Cancer Center, observed that pa-
tients with sarcoma responded better after surgery if they
developed severe postoperative infections. Coley later
developed a regimen containing bacterial cell wall
components for the treatment of cancer (7). The grain-
positive bacterium Clostridiiwn was evaluated as an anti-
cancer agent in clinical trials in the 1970s. Although in
many cases Clostridivm was recovered from tumors and
oncolysis was observed, these clinical trials were subse-
quently discontinued because they failed to produce
clinical benefits to patients (8). Bacille Calmette-Guerin
(BCG?), another viable bacterium, is being used for the
treatment of superficial bladder carcinoma in humans.
BCG, an attenuated, avirulent strain of Mycobacterium
bovis, is administered by urethral catheterization at peri-
odic intervals for up to 24 months. In patients with blad-
der cancer, BCG treatinent achieves complete responses
in greater than 60% of the patients (9).

These reports suggest that bacteria could serve as

anticancer agents if their virulence were controlled.
S. typhimurium, if attenuated, can be safely administered
to animals to retard tumor growth in murine tumor mod-
els. Avirulent strains of Salmonella have been developed
as vaccines for the prevention of bacterial infections
(10,11). A viable S. typhi vaccine, Ty2la, has been ap-
proved for the prevention of typhoid fever in humans
(12). In addition to serving as vaccines against Salmo-
nellosis, attenuated strains of Salmonella have been used
for expressing and delivering heterologous proteins to
the immune system. This approach may eventually be
developed for combating infections and cancer (13,14).
Using an aro4-mutant SL.3225, Eisenstein et al. (14) re-
ported tumor inhibition of a plasmacytoma by either in-
traperitoneal or intralesional injection of the attenuated
bacteria. Similar results have been obtained by Pawelek
et al. (15) using other auxotrophic mutants of S. typhi-
murium. To overcome the propensity of grain-negative
bacteria to induce septic shock in animals, Low et al.
(16) constructed an attenuated S. typhimurium by delet-
ing the msbB gene, which encodes the enzyme involved
in the terminal myristoylation of lipid A. The mutated
bacteria lost the capability to induce tumor necrosis fac-
tor-&. (TNF-a), both in vitro and in vivo, and their
pathogenicity was greatly reduced. These bacteria also
exhibited the characteristics of preferential accumulation
in tumors and inhibition of tumor growth.

We report here that VNP20009, an attenuated strain
of S. typhimurium with deletions in the msbB and purl
loci, suppresses the growth of subcutaneously implanted
tumors and lung metastases. We also show that the anti-
tumor effects of VNP20009 do not depend on the pres-
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ence of T and B vells, and only live bacteria exhibit the
antitumor effect.

MATERIALS AND METHODS
Cell Culture Conditions

All cell lines were maintained at 37 £2°C in a hu-
midified atmosphere containing 5% CO,. B16F10 mu-
rine melanoma, DLD-1 human colon carcinoma, A549
human lung carcinoma cells, HTB177 human lung carci-
noma cells, Lox human melanoma, and MDA-MB-231
human breast carcinoma cells were cultured in Dulbec-
co’s modified Eagle’s medium supplemented with 10%
fetal bovine serum. WiDr human colon carcinoma cells
were maintained in Eagle’s minimum essential medium,
containing Earle's salts, and supplemented with both
nonessential amino acids and 10% fetal bovine serum.

Tumor Cell Implantation

Solid tumor models were obtained by SC injection of
tumor cells in the right hind flank of C57BL/6, athymic
nude, or SCID mice. For tumor implantation, cells were
detached from the flask by trypsinization, washed, and
suspended in PBS to a cell density of 5x 10° cells/ml
(BI6FI0 cells), 7x 107 cells/ml (DL.D-1 cells), 5 x 10’
cells/ml (WiDr, A549, HTB177 cells), and 4.5x 10’
cells/ml (MDA-MB-231 cells). A 0.1 ml bolus of cell
suspension, giving a total of 5 x 10’ cells (B16F10), 7 x
10° cells (DLD-1), 5 x 10° cells (WiDr, A549, HTB177),
or a 0.2 ml bolus, giving a total of 9 x 10° cells (MDA-
MB-231), was injected SC into the right flank. Animals
were immediately randomized and arranged into groups
of 5-10 animals per group. Experimental lung metasta-
ses were produced by IV injection of 1.5 x 10’ B16F10
murine melanoma cells through the lateral tail vein into
C57BL/6 and athymic nude mice. Animals were identi-
fied by ear tags.

Treatment of Mice With VNP20009

VNP20009 was grown as a liquid culture to an ODgy =
0.8 by suspending a single colony into 25 ml of Luria-
Bertani (LB) broth. The suspension was diluted in PBS
before use, based on 1 OD = 1 x 10° colony forming unit
(cfu)/ml. Solid tumors were staged for 6-24 days prior
to bacterial inoculation. A 0.2-ml bolus of the PBS-
diluted bacterial suspension was administered IV via the
lateral tail vein. Each mouse received approximately 1 x
10* to 3 x 10° cfu of VNP20009. Mice bearing lung me-
tastases were treated with a 0.2-ml bolus of live
VNP20009 (containing 2 X 10° cfu) or dead VNP20009
(containing 2 X 10* cfu) S days after tumor inoculation.
Actual doses were determined by plating the dosing so-
lution on LB agar plates, and colonies were enumerated
after ovemnight incubation at 37°C. Cyclophosphamide
(Sigma, Milwaukee, WI), used as a positive control, was
given IP at a dosing schedule of 200 mg/kg, once week-
ly for 3 weeks. In some experiments, SCID mice receiv-
ing VNP20009 also received oral ciprofloxacin, 100 mg/
kg, twice daily for 5 days. In comparison studies, killed
VNP20009 was prepared by autoclaving the bacteria for
20 min, and lack of viability was confirmed by plating.
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Tumor Measurements

Tumor size was determined from measurements ob-
tained with electronic calipers along three axes: length
(L), width (W), and height (H). The volume of the tumor
was calculated using the following formula: tumor vol-
ume = (L X W x H)2. The mean tumor volume and
standard deviation of all animals comprising each group
were determined. Tumor volume of individual animals
from control and treated groups at the end of experiment
was also analyzed with the Student’s f-test. Lungs with
metastases taken from mice were weighed and photo-
graphed.

Histopatholegical Studies

To analyze mechanisms involved in the observed an-
titumor effects, BI6F10 tumors that were treated with
PBS or VNP20009 were removed from mice 3-11 days
after treatment and fixed with 4% buffered formalin.
The specimens were embedded in paraffin, and 6-um-
thick sections were stained sequentially with H&E for
microscopic examination.

Animal Care

All animals were treated, fed, housed, and handled
according to guidelines established by the National Re-
search Council. The animals used in this study were ob-
tained from Charles River Laboratories (Wilmington,
MA). Animals selected in this study were as uniform in
age and weight as possible. They were approximately
8-10 weeks of age, and their body weights ranged from
18 to 22 g. Animals were housed in plastic cages with
stainless steel covers and were identified by an ear tag.
Five mice were housed in each cage. Mouse Chow food
was available ad libitum via food hoppers. Tap water
was provided in glass bottles ad libitum. All animals
were kept in a well-ventilated room where a 12-h light/
12-h dark photoperiod was maintained. Room tempera-
ture was maintained at 72 * 2°F. At the end of the study,
animals were euthanized in a dry ice-containing
chamber.

RESULTS

The ability of VNP20009 to inhibit tumor growth
was examined over a dose range of 1x10* to 1 x 10°
cfu/mouse in the SC B16F10 melanoma model. Mice
were administered VNP20009 IV on day 7, and tumor
volumes were measured on days 10, 13, 17, and 20
(Fig. 1). The differences observed between individual
groups were deemed significant when analyzed by the
Student’s two-tailed z-test. All doses were found to give
significant antitumor activity (P < 0.01). A single dose
of VNP20009 at 1 x 10° cfu/mouse produced responses
equivalent to, or better than, the antitumor drug cyclo-
phosphamide, which was given three times during the
course of treatnent.

Figure 2 demonstrates that VNP20009 inhibited the
growth of B16F10 melanoma implanted into immuno-
competent C57BLJ6 (Fig. 2A), athymic nude (Fig. 2B),
or SCID mice (Fig. 2C). A single injection of VNP20009
produced a tumor growth inhibition of 85% or more re-
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Figure 1. Tumor growth inhibition of B16F10 melanoma by VNP20009. A single dose of
VNP20009 (from 1x 10* to 1 x 10° cfu/mouse) was injected IV into mice 7 days after tumor
implantation, Cyclophosphamide was given IP at 200 mpk on days 7, 14, and 21. **P < 0.01).

gardless of strain of mice used. SCID mice were sensi-
tive to VNP20009 treatrnent, and started dying 7 days
after bacterial injection when no antibiotics were given.
No mortality or weight loss was noted in C57B/6 or
athymic nude mice treated with VNP20009. Significant
antitumor activities (P <0.01, r-test) were recorded in
all the treated groups.

Athymic nude mice bearing A549, WiDr, or DLD-1
tumors were treated with VNP20009 at a dose of 2 x 10°
cfu/mouse on day 6 (A549), day 8 (WiDr), or day 13
(DLD-1). A single injection of VNP20009 caused sig-
pificant and sustained tumor growth inhibitions of 54%,
65%, and 74% for A549, WiDr, and DLD-1, respec-
tively (Fig. 3). MDA-MB-231 tumors grew in nude mice
and were staged for 24 days before dosing. Similar re-
sults were obtained, with a single dose of VNP2(009
inhibiting the growth of MDA-MB-231 tumors more
than 70%. HTB177 lung carcinoma staged to 11 days
after implantation into SCID mice was treated with a
dose of 1 x 10° cfu/mouse. This dose of VNP20009 pro-
duced a 94% tumor growth inhibition at the 10-day in-
terval (Fig. 3E). The experiment was terminated on day
20 because of the death of animals caused by bacterial
infection. VNP20009 inhibited tumor growth regardless
of size of tumors at the time of treatment (0.05-0.3 g).
It was equally efficacious in inhibiting fast (B16F10,
Lox) or slow growing (MDA-MB-231, DLD-1) tumors.

In another experiment using SCID mice bearing Lox
human melanoma, the antibiotic ciprofloxacin was given
to mice receiving VNP20009. All the SCID mice treated
with VNP20009 alone died before day 15 (i.e., 10 days
after VNP20009 dosing). In contrast, all the mice sur-
vived that received ciprofloxacin 4 days after VINP20009
treatment. In addition, a very significant delay of tumor
growth was observed in animals receiving VNP20009
alone or VNP20009 plus ciprofloxacin (Fig. 3F). Tumor
volume doubling time in treated apimals was signifi-

cantly increased compared with vehicle-treated controls.

VNP20009, at a dose of 2 x 10° cfu/mouse injected
IV, inhibited the growth of lung metastases compared
with untreated controls (Fig. 4). Similar experiments
carried out in athymic nude, SCID, and beige mice
produced comparable results. In addition, only viable
bacteria inhibited the growth of lung metastases. When
VNP20009 was heat inactivated, even if given at a
higher amount, no antitumnor effects were observed
(Fig. 5).

Tumor sections were prepared from untreated mice
and mice treated with VNP20009 for various days. At
least three tumors for each time point and 20 slides from
each tumor were examined for the presence or absence
of necrosis and infiltrating cells. Sections taken from tu-
mors treated with VNP20009 revealed a massive infil-
tration of immune cells accompanied with an extensive
necrosis in the central part of the tumors. Significant
tumor necrosis (over 70% surface of tumor tissue) was
found in mice treated with VNP20009 for 7 days, com-
pared with PBS-treated control mice (Fig. 6). The dead
and dying tumor cells were stained with bright red color,
characterized with an increase in cell size and the disin-
tegration of the nuclei. Infiltrating cells formed a zone
surrounding the necrotic center of the tumor (Fig. 6A).
Most of infiltrating cells, at higher magnification, were
shown to be neutrophils with horseshoe-shaped nuclei
(Fig. 6B). In contrast, tumors obtained from mice treated
with PBS (Fig. 6C) revealed a relatively low level of
necrosis at the center (less than 5% surface of tumor
section) and with only a few infiltrating immune cells
(Fig. 6D).

DISCUSSION

In previous studies, we have demonstrased that a sin-
gle dose of YS1629, a msbB knockout mutant, is highly
effective in inhibiting the growth of B16 murine mela-
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Figure 2. Antitumor effect of VNP20#09 on B16F10 mela-
noma implanted in immunocompetent C57BLS6 (A), athymic
nude (B), and SCID mice (C). VNP20009, at a dose of 2 X 10°
cfu/mouse was injected TV into tumor-bearing mice 7--9 days
after tumor implantation. **P < 0.01.
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noma (15). In this report, we further demonstrate that a
single dose of VNP20009, a tetracycline-sensitive, msbB
and pur/ lnockout mutant, is also capable of suppressing
tumor growth in human tumor xenograft models repre-
senting melanoma and lung, breast, and colon cancer.
Similar to previous observations with B16F10 mela-
noma, a single dose of VNP20009 inhibited tumor growth,
consistent with an ability of VNP20009 to persist within
tumor xenografts (17). Only a slight dose—response cor-
relation was observed between VNP20009 levels and tu-
mor inhibition in B16F10 melanoma, because VNP20009
replicates within the tumor, producing a greater than ex-
pected potency at lower doses (18). The antitumor activ-
ity of VNP20009, at the dose of 1x 10’ cfu/mouse, is
superior to that induced by the antitumnor drug cyclo-
phosphamide, which has been given at the optimal dos-
ing schedule for this tumor.

Toxicology study of the VNP20009 revealed that
SCID mice were approximately S- to 50-fold less toler-
ant compared with immune-competent mice (data not
shown), which was consistent with the enhanced sensi-
tivity of SCID mice to Salmonella infection previously
reported with other attenuated Salmonella strains (19).
Athymic CD-1 nude mice and immune-competent CD-
1 mice had similar LDs; values for VNP20009 (data not
shown). These data suggest that B cells may be involved
in the clearance of VNP20009. Without receiving treat-
ment of ciprofloxacin, SCID mice succumbed to bacte-
rial infections and began to die 10 days after VNP20009
dosing. Nevertheless, VNP20009-mediated mortality in
SCID mice could be completely prevented by antibiotic
administration, without affecting the antitumor efficacy.
Number of bacteria in both liver and tumor decreased
by 90% to 99% with the current dosing schedule during
antibiotic treatment but retumed to normal levels a few
days after treatment ended (data not shown). Page-
Clisson et al. (20) reported similar results that ciproflox-
acin could not completely eradicate the persistence of
S. typhimurium in liver and spleen. It should also be
noted that VNP20009 inhibited tumor growth in immu-
nocompromised mice with T-cell and B-cell deficien-
cies. Using an experimental metastasis model, we dem-
onstrated that the antitumor activity of VNP20009 may
not require T cells, B cells, and natural killer cells (un-
published data). Schafer et al. (21) reported that live,
attenuated Salmonella was capable of inducing tumorici-
dal macrophages in C3H/HeJ] mice, whereas BCG was
not effective in that strain of mice. Qur finding that only
viable VNP20009 shows antitumor effects suggests that
the antitumor mechanism of VNP20009 differs from that
of BCG.

The mechanisms involved in tumor growth inhibition
by VNP20009 are not completely understood. It is possi-
ble that some cell wall components of live S. typhimu-
rium are cytotoxic to mammalian cells and induce apop-
tosis in macrophages and granulocytes (22). Galan and
his coworkers suggested that a type III secretion system
is responsible for the Salmonella-induced apoptosis in
cultured mammalian cells (23). VNP20009 accumulated
at high levels inside the tumor mass, which could induce
low levels of cytokines, such as TNF-a in situ that elic-
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Figure 3. Antitumor effect of VNP20009 on human tumor xenografts. (A) A549, (B) WiDr, (C) MDA-MD-23], (D) DLD-1, (E)
HTBI177, and (F) Lox cells implanted into either athymic or SCID mice. VNP20009 was given IV at doses ranging from 1 x 10°
to 3 x 10° cfu/mouse 6 to 24 days after tumor implantation. *® < 0.05; **P < 0.01,
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Figure 4. Growth inhibition of lung metastases by VNP20002. A single [V injection of YNP200#9 at 2 x 10° cfi/mouse was
given to C37BL/E mice § days after inoculation of BI6FIG colls. {A) PBS control, (B} VNP2I0G09 treatment.

its an antitumor acuvity. Other possible mechanisms
may include competition between bacteria and tumor
cells tor nutrients and oxygen. Histolgic cvaluation re~
vealed the presence of VNP20009 in both the necrotic
center and peripheral portion of the tumor {17). We have
tfurther demonstrated in this study that sigaificant tumor
necrosis occurred in freated but not untreated mice. In
the treated mice, tumor necrosis was also accompanied
with @ massive inftation of immupe cells including
neutrophils. The centribution of these factors to the anti-
tumor activity of VRP20009 is unknown and remains to
be clucidated.

Unlike Clostridium, which is an obligate anaerobe
and coleaized only i hypoxic and necrotic areas of
tumors, S, typhimurinm is a facultative angerobe and is
distributed homogeneously throughout the entire tumor
and s accumulated in tumors as small as .1 g (24}
Clostridium accumulated and exerted its oncolytic ef-
feets only in arge tumors {8,23.26); tumor size ranging
from approximately 0.7 g (26) 10 1.4 2 {23) was needed
o allow germination of the bacteria and the subscquent

lysis of tumors. Using Sarcoma 180 SC implanted in
Taconic Farms Swiss female mice, Thiele et al. (25} re-
ported that tumors of 0.6 2 and below wure less effica-
cious tn accumulagng Clostridium. In contrast, we dew-
onstrate here that VNP20009 has antitumor  activity
against small tumors. with tumor size ranging from 0.03
t0 (0.3 ¢ at the time of treatment in various murine twmor
models. VNP2000Y accumulated elficiently in SC im-
planted B16F10 melanomas with size 1 g or above bui
antilumor activity has not been evalvated under these
conditions, VNPZ20009 has been atienualed at east
HL.000-fold compared with the activity of the pasental
wildutype  Safmonefla  strain  in  annupocompetent
C37BL/A mice (27). Qur studies soggest that T-celi-defl-
cient nude mice are got overly sensitive to ¥YNP20009.
in contrast to studies usmwg mice with both T-cell and B-
cell deficiency. These results are consistent with & previ-
ous regort demonstrating that moderate immunodeficien-
¢y, resulting from sablethal iradiation of BALB/c mice,
does not cause an increase in susceptibility to an atienu-
ated arod-strain of Salmonella (283 VNP2000O is well

Figure 5. Tomor growth inhibition of lung metastases by Hve or dead VNP2000D. A single 1V injection of Hive VNP200O09 at 2 x
10° clu/meuse or dead VNP2000Y at 2 x 10F was given to athymic mue mice 5 days after inocuiation of BIOFIG cells. (A) PBS
controd, (B) dead YNP20009 wreatment, and {(C) live VNP20009 treatmsent.
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gure 6. Histologic evaluation of VNP2OG09 1 murine BI6ELD mclanoma. At low magnification (X1} of VNPZOND9-veated

> (A}, tamor was {aken [rem mice treated with VNP20OOY at 18 days afier tumer tmplantation and 7 dags after bacterial

The periphery of the tumor (p) consisied with wmor celle, host fibroblasts, and Wnfiltrating cells. A layer of in{iltrating

Sk {iy surrounded the dead snd dying tumor cells (red eolor, which represents the necrotic center of the tumor (n). At highe

- magnification (x400) of VNP20U0S-treated grasp (B), most of infilrati s were $ho ssess herseshoe-shaped nuclet

and were identified as veutrophils. In PBS-treated control mice (C), very el g s (I3) were
ndd in the tumor tissue (0 (x300).
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tolerated in nonhuman primatcs; the highest nontoxic
dose via IV injection is 2.5 x 10* cfu/kg (18,27). The
probability of VNP20009 reverting to wild-type bacteria
is unlikely, becausc VNP20009 was attenuated by delet-
ing both the msbB and purl genes from the bactcrial
genome. Because of its potent inhibitory effect in a wide
spectrum of human tumor xcnografts and its relatively
nontoxic characteristics in nonhuman primates, VNP20(09
is currently being evaluated as a potential antitumor
agent in humans. Morcover, VNP200(09 preferentially
accumulated in tumor tissues. reaching levels as high as
1 x 1) cfu/g tumor, a concentration 1000 times higher
than that found in liver and other normal tissues (17).
The use of VNP20009 as a tumor-sclective vector to
deliver cytosine deaminase to tumors is currently being
evaluated in human clinical trials (29).

REFERENCES

1. Nauts, H.; Swift, W_; Coley, B. The treatment of malignant tumors
by bactcrial toxins as devcloped by the late William B Coley MD,
reviewed in the light of modem research. CanccrRes, 6:205-216;
1946.

2. Gill, G.; Holden, A. A malignant pleural eftusion infected with
Salmonella enteritidis. Thorax 51:104-105; 1996.

3. Billings, P. C.; Uwaifo, A. O.; Heidelbergcr, C. Influence of
benzoflavone on atlatoxin B 1-induced cytotoxicity. mutation, and
transformation of C3H/10T1/2 cells. Cancer Res. 43:2659-2663;
1983.

4. Giel, C. Abscess formation in a pheochromocytoma. N. Engl. J.
Med. 251:980-982; 1954.

5. Grahwn, F.; Coleman, P. Infcction of a secondary carcinoma hy
Salmonellu montevideo. Br. Med. J. 1:11-16; 1952.

6. Wolfe, J. A. Palaeobotanical cvidence for a marked temperature
incrcase following the cretaceous/tertiacy bsundary. Nature 343:
153-156; 1990.

7. Coley, W. The cancer symposium at Lake Mohonk. Am. J. Surg.
1:22-23; 1926.

8. Carcy, R.; Holland, J.; Whang. H.: Neter, E ; Bryant. B. Clostrid-
ial oncolysis in man. Eur. J. Cancer 3:37-46; 1967.

9. Friberg, S. BCG in the trcatment of superficial cancer of the blad-
der: A review. Med. Oncol. Tumor Pharmacother. 10:31-36:
1993,

10. Hoiseth, S. K.; Stocker, B. A. Aromatic-dependent Sulnionella
typhimurium are non-virulent and effective as live vaccines. Na-
ture 291:238-239: 1981,

11. O’Callaghan, D.; Maskell, D.: Liew, F. Y.; Easmon, C. F;
Dougun, G. Characterization of aromatic- and purine-dependent
Salmenella iyphimurium attenuation, persistence, and ability to in-
duce protective immunity in Balb/c mice. Infect. Immun. 56:419-
423; 1988.

12. Levin, M.; Herrington, D.; Murphy, J.; Morris, J.; Losonsky, G.;
Tall, B.; Lindberg, A, Svenson. S.; Baqgar, S.; Edwards, M.;
Stocker, B. Safety, infectivity, immumogenicity, and in vivo sta-
hility of two attenuated auxotrophic mutant strains of Salmonellu
exphi. ). Clia. Invest. 79:888-902; 1987.

13. Strugnell, R. A.; Maskell, D.; Fairwcather, N.; Pickard, D.; Cock-
ayne, A.; Pcnn, C.; Dougan, G. Stable expression of foreign anti-
gens from the chromosome of Saimenella 1yphimurium vaccine
strains. Gene 88:57-63; 1990.

20.

21.

22.

23.

26.

27.

28.

29.

LUO ET AL.

. Eisenstein, T. K.; Bushnell, B.; Meissler, J. I., Jr.; Dalal, N.;

Schafer, R.; Havas, H. F. Immunotherapy of a plasmacytoma with
attcnuated Salmonella. Med. Oncol. 12:103-108; 1995.

. Pawelek, J.M.; Low, K. B.; Bermudes, D. Tumor-targeted Salmo-

nella as a novel anticancer vector. Canccr Res. 57:4537-4544;
1997.

. Low, K. B.; litensohn, M_; Le, T.: Platt, J.; Sodi, S.. Amoss, M.;

Ash, O.; Cammichael, E.. Chakraborty, A.; Fischer, J.; Lin, S. L;;
Luo, X.; Miller, S. 1.; Zheng, L.: King, 1.: Pawelek, J. M.; Ber-
mudes, D. Lipid A mutant Salmoneclla with suppressed virulence
and TNFalpha induction retain tumor-targeting in vivo. Nat. Bio-
technol. 17:37-41: 1999.

. Zheng, L. M;; Luo, X.; Feng, M.; Li, Z; Le, T.: lticnsohn, M.;

Trailsmith, M.; Bertnudes, D.; Lin, S. L. King, 1. C. Tumor am-
plified protcin expression therapy: Salmonella as a tumor-selective
protcin dclivery vector. Oncol. Res. 12:127-135; 2000.

. Claicmont, C.; Lee. K. C.: Pike, J.; lttensohn, M_; Low, K. B.;

Pawelek, J.; Bermudes, D.; Brecher, S. M.; Margitich, D.; Tumier,
J.: Li, Z; Luo, X.. King, 1. Zheng, L. M. Biodistribution and
genetic stability of thc novel antitumor agent VNP20009, a geneti-
cally modified strain of Salmonella ryphimurium. ). Infect. Dis.
181:1996-2002; 2000.

. Guilloteau, L. A;; Lax, A. I.; Maclntyre, S.; Wallis, T. S. The

Salmonella dublin virulence plasmid does not muxlulate early
T-cell responses in mice. Infect. Immun. 64:222-229; 1996.
Page.Clisson, M. E.; Pinto-Alphandary, H.. Chachaty, E.:
Couvrcur, P.; Andremont, A. Drug targeting by polyalkylcyano-
acrylate nanoparticles is not cfficient against persistent Salmo-
nella. Pharm. Res. 15:544-549; 1998.

Schafer, R.: Nuacy, C. A, Eisenstein, T. K. Induction of activated
macrophages in C3H/Hc] mice by avirulent Saémonelia. J. Immu-
nol. 140:1638-1644; 1988.

Chen, J.: Sun, Y.; Nabel, G. J. Rcgulation of the proinflammatory
effccts of Fas ligand CD9SL. Science 282:1714—1717; 1998.
Handt, W.: Urlaub, H.: Galan, J. A substrate of the centisome 63
type 1II protein secretion system of Salmonella typhimurium is
encoded hy a cryptic bactcriophage. Proc. Natl. Acad. Sci. USA
95:2574-2579; 1998.

. Lambin, P.; Nuyts, S.; Landuyt, W.; Theys. J.. De Bruijn, E,;

Anne, J.: Van Mellaert, L.; Fowlcr, J. The potential therapeutic
gain of radiation-associated genc therapy with the suicide gene
cytosine deaminase. Int. J. Radiat. Biol. 76:285-293. 2008.

. Thiele. E.; Arison, R.; Boxer, G. Oncolysis by Clostridia IV. Ef-

fect of nonpathogenic clostridial spores in normal and pathologi-
cal tissues. Cancer Res. 24:234-238; 1963.

Dang, L. H.; Bettcgowda, C.; Huso, . L.; Kinzler, K. W.; Vo-
gelstein, B. Combination bacteriolytic therapy for the treatment of
expcrimental tumors. Proc. Natl. Acad. Sci. USA 27:27; 2001.
Lee. K.; Zheng, L.-M.: Luo, X.; Clairmont, C.; Fischer, J.; Margit-
ich, D.; Tumier, J.; Almassian, B.; King, I Comparative toxicolog-
ical evaluation in monkeys, pigs, and mice, of a genetically-engi-
neered Salimonetla YNP20809 being dcveloped as an anti-tumor
agent. Int. J. Toxicol. 19:19-25; 2000.

Izhar, M_; DeSilva, L.; Joysey, H. S.; Hormaeche, C. E. Moderatc
immunodeficiency does not increase susceptibility to Saimonetia
typhimurium aroA live vaccines in micc. Infect. [inmun. 58:2258-
2261; 1990.

Cunningham, C.; Ncmunaitis, J. A phase I trial of genctically
modilied Salmonella typhimurium expressing cytosine dcaminase
(TAPET-CD, VNP20029) administered by intratumoral injection
in combination with 5-fluorocytosine for patients with advanced
or uletastatic cancer. Protocol No: CL-017. Version: April 9,
2001, Hum. Gene Ther. 12:1594-1596; 2001.



