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Interleukin-2

• 15-kD cytokine produced by CD4+T 
cells
– Lymphocyte proliferation 
– Enhances the cytolytic function

• CD8+ T cells
• Natural killer (NK) cells.

• Advanced renal cell carcinoma and 
melanoma



Interleukin-2: 
Metastatic Cancers

• IL-2 effectiveness requires high 
systemic doses

• fever, malaise, hypotension, renal dysfunction, 
hepatic dysfunction, capillary leak syndrome, 
and death (1-2%)

• Attempts to diminish the adverse effects
• Altering the dose, route and formulation 

unsuccessful
• Theorized that local delivery is less toxic





Hare Brained Idea 
(Hypothesis)

Can Salmonella carry IL-2 to the liver and 
tumors to yield an anti-cancer effect?



Wait a minute!!!!!Wait a minute!!!!!



Attenuated Salmonella 
typhimurium

• Deletion mutant of cAMP and cAMP 
receptor protein (Δcya, Δcrp)

• Avirlulent and highly immunogenic

• Deletion mutant of aspartate 
semialdehyde dehydrogenase (Δasd)

• Diaminopimelic acid: gram negative cell wall
• Mutants die rapidly after invading mucosa and 

lymphoid tissue



Attenuated Attenuated S. typhimuriumS. typhimurium

•• Plasmid Plasmid 
•• InterleukinInterleukin--2 gene2 gene
•• ASD geneASD gene

•• Transformants Transformants 
that lose plasmid that lose plasmid 
die without ASD die without ASD 
genegene

•• SalmonellaSalmonella--pIL2pIL2
•• S. typhimuriumS. typhimurium
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NK and CTL Cells Responsible for NK and CTL Cells Responsible for 
AntiAnti--tumor Effecttumor Effect

Hepatic NK Cells Following the Establishment of Metastases
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Hepatic CD8 Cells Following Establishment of Metastases
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Elevation of CTL and CTL/NKElevation of CTL and CTL/NK 
Promoting CytokinesPromoting Cytokines

Serum INFg: 7 Days Following Hepatic Metastases
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Serum IL-6: 7 Days Following Hepatic Metastases
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Attenuated Salmonella Attenuated Salmonella PreventsPrevents 
Establishment of Tumor in LiverEstablishment of Tumor in Liver
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40% Complete40% Complete PreventionPrevention
 

0 

.2 

.4 

.6 

.8 

1 

C
um

ulative S
urvival

0 20 40 60 80 100
Days after Tumor Inoculation

 

 Salmonella-pIL2

S. typhimurium
 
Control



100% Survival with 100% Survival with 
Tumor ReTumor Re--challengechallenge
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In vitroIn vitro InvasionInvasion

•• Invasion efficiency Invasion efficiency 
represents the percentage represents the percentage 
of intracellular bacteria of intracellular bacteria 
recovered compared to recovered compared to 
innoculum sizeinnoculum size



Division EfficiencyDivision Efficiency

•• Division efficiency Division efficiency 
represents the number of represents the number of 
intracellular divisions in a intracellular divisions in a 
24 hour period24 hour period

•• Intracellular division is Intracellular division is 
higher in neuroblastoma higher in neuroblastoma 
(p<0.01) and (p<0.01) and 
osteosarcoma (p<0.09) osteosarcoma (p<0.09) 
than in hepatocytes, colon than in hepatocytes, colon 
cancer, or hepatomacancer, or hepatoma



NeuroblastomaNeuroblastoma

• Neuroblastoma is the most common 
extracranial tumor in children. 

• The survival rate 5 years from diagnosis is 
approximately 
• 83% for infants 
• 55% for children aged 1-5 years
• 40% for children older than 5 years



In vivoIn vivo InvasionInvasion

•• Green Fluorescent Green Fluorescent 
Protein (GFP) Protein (GFP) 
reporter gene reporter gene 
incorporated into incorporated into 
Salmonella via Salmonella via 
electroporationelectroporation



In vitroIn vitro InvasionInvasion



In vivoIn vivo InvasionInvasion



Injecting NeuroblastomaInjecting Neuroblastoma



14 Day Treatment Studies14 Day Treatment Studies

Day  7
Gavage 108 CFU
Sal-pIL2, Sal-NG or 
Saline (control)

Day 0
Left Suprarenal 
injection of 
1 x 106 N2a cells

Animals are monitored,
those that die are examined
for tumor growth

Day 21, remaining animals
are sacrificed and tumors 
enumerated and examined



NeuroblastomaNeuroblastoma



14 Day Treatment Studies14 Day Treatment Studies 
ONE ORAL DOSEONE ORAL DOSE

•• Reduction of tumor Reduction of tumor 
size and weight by size and weight by 
63%63% and and 84%84% 
respectively when respectively when 
compared to controls compared to controls 
(p<0.001).(p<0.001).

Neuroblastoma 14 day Treatment Study Pooled - Tumor 
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Metastatic Metastatic OsteogenicOsteogenic SarcomaSarcoma

•• Most common bone cancer in teenagers Most common bone cancer in teenagers 
and young adultsand young adults

•• Overall survival is 70%Overall survival is 70%
•• Up to 80% will develop lung metastasesUp to 80% will develop lung metastases
•• With lung With lung metsmets –– survival is 30%survival is 30%



Gross ExaminationGross Examination

Control: 
Saline Gavage

Gavage SalpIL2



Osteogenic SarcomaOsteogenic Sarcoma 
Lung MetastasesLung Metastases

Tumor Number
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Osteogenic SarcomaOsteogenic Sarcoma 
Lung MetastasesLung Metastases

Tumor Volume
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NCI RNCI R--21 Award21 Award 
Pancreatic Cancer StudiesPancreatic Cancer Studies 

Preliminary ResultsPreliminary Results
•• Study of antiStudy of anti--tumor properties of tumor properties of 

SalmonellaSalmonella--IL2 in a murine model of IL2 in a murine model of 
primary pancreatic adenocarcinomaprimary pancreatic adenocarcinoma

•• Model in Model in immunocompetentimmunocompetent micemice
•• Developed a luciferase expressing tumor Developed a luciferase expressing tumor 

lineline
•• Limit need of sacrificing animalsLimit need of sacrificing animals





Untoward Effects 
13 Published Studies

• In short – NONE
– No deaths
– No weight loss
– No change in activity
– Normal food and water intake





ConclusionsConclusions

1.1. SalmonellaSalmonella--IL2 may represent a novel IL2 may represent a novel 
form of form of in vivoin vivo biotherapy.biotherapy.

2.2. Salmonella may be applied as a method Salmonella may be applied as a method 
to PREVENT metastases in those patients to PREVENT metastases in those patients 
who are risk.who are risk.

3.3. Attenuated Attenuated Salmonella typhimuriumSalmonella typhimurium 
accumulates preferentially in liver accumulates preferentially in liver 
tumors, neuroblastoma, tumors, neuroblastoma, osteosarcomaosteosarcoma, , 
and recently shown pancreatic and recently shown pancreatic 
carcinoma.carcinoma.



Conclusions ContinuedConclusions Continued

5.5. Salmonella accumulates within the tumor Salmonella accumulates within the tumor 
microenvironment  (intracellular and microenvironment  (intracellular and 
extracellular)extracellular)

6.6. Multifaceted antiMultifaceted anti--tumor mechanismstumor mechanisms
1.1. Immune mediated mechanisms Immune mediated mechanisms –– NK and NK and 

CTL cellCTL cell
2.2. AntiAnti--angiogenic mechanismsangiogenic mechanisms
3.3. Depletion of metabolic supportDepletion of metabolic support



Future DirectionsFuture Directions

•• Phase I TrialPhase I Trial
•• Pancreatic CancerPancreatic Cancer

•• Developed a model in immunocompetent miceDeveloped a model in immunocompetent mice
•• National Cancer Institute Grant R21National Cancer Institute Grant R21

•• Develop a form of Salmonella carrying a more Develop a form of Salmonella carrying a more 
potent form of ILpotent form of IL--2 with secretion capabilities2 with secretion capabilities

•• Increase the functional expression of ILIncrease the functional expression of IL--22
•• Study rare and common cancersStudy rare and common cancers
•• Deduce mechanismsDeduce mechanisms



Laboratory AccoladesLaboratory Accolades

•• American Surgical Association Foundation American Surgical Association Foundation 
Award Award 

•• American Society of Colorectal Surgeons, American Society of Colorectal Surgeons, 
2004 2004 –– Top Research AwardTop Research Award

•• American Academy of Pediatrics, 2005  American Academy of Pediatrics, 2005  –– 
Top Research Award for NeuroblastomaTop Research Award for Neuroblastoma

•• Association for Academic Surgery, 2006 Association for Academic Surgery, 2006 –– 
Best Research AwardBest Research Award
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