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What Is Theranostics (Theragnosis)? 
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Theranostics (Therapy + Diagnosis) 

 - Integrating Therapeutic Function in Imaging Agent  

 - Prediction or Monitoring of Response to Therapy 



Outline 

• Microbes: Finding and curing cancers with bu

gs 

• Repebody: Artificial antibody targeting EGFR 

• Peptides: Novel peptide for cancer targeting 

3 



The First Practice for Bacteriolytic 
Therapy a Century Ago 

“I had found one case of very malignant round-celled sarcoma of the neck, four times recurrent, in 

which an attack of erysipelas had accidentally occurred shortly after the last operation by Dr. Bull. 

During these attacks of erysipelas, the tumour of the neck entirely disappeared and the patient left 

the hospital in good health. After great effort I finally succeeded in tracking the after history of this 

patient and found him alive and well, 7 years later.” (Clin Orthop 1893) 

• Coley deliberately infected one of his own sarcoma patients with Streptococcus pyogenes, and 

within weeks his patient made a dramatic recovery. 

• Coley began using a heat-killed bacteria to make the treatment safer. 

William B. Coley (1862-1936) 

 Coley’s toxin (S. pyogenes)  



• Coley’s cases (897) vs. Matched controls (1,675) from NCI-SEER 
(NCI’s Surveillance Epidemiology End Result database) 

• Controls: treated with modern Tx. 

• “What Coley did for his sarcoma patients back then was better than 
what we’re doing for these patients today” 

 

 

 

 

Great Expectations in Cancer Therapy 
(SARAH DEWEERDT. Nature 2013; 504: S4-S5) 

10-y survival rate Coley’s case 
(n=128) 

NCI-SEER database 
(n=1,675) 

Kidney cancer 33% 23% 

Ovarian cancer 55% 29% 

Sarcoma Coley’s case 
(n=128) 

NCI-SEER database 
(n=1,675) 

Median survival 8.9 y 7.0 y 

10-y-survival rate 50% 38% 

Overall 5-year 
cancer survival 

 
1950-54: 35% 
1992-98: 63.8% 



Why Coley’s vaccine pushed out of favor? 

• Hard to standardize: requires careful 
calibration and bed-side care for each patient  

• Scientists didn’t understand the underlying 
mechanisms 

• Some doctors couldn’t replicate the results 
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Bacteria Returned! 
Strengths over other therapies 

• Attenuated strain available: 1/100,000 ~ 1/1000,000-fold 

• Targeting & Proliferation: T/N ratio > 1,000 

• Self propelling: entropically unlimited 

• Toxic to cells 

• Modern technology to genetically engineer bacteria 

 
20 min 4 h Day 1 Day 2 Day 4 Day 6 Day 8 

Tumor 
9.52x102 

±3.18 

1.54x103 

±2.21 

5.11x106 

±2.83 

8.96x107 

±2.54 

3.53x108 

±3.57 

5.62x108 

±4.61 

6.85x108 

±2.86 

Liver 
7.10x106 

±1.68 

2.24 x106 

±0.78 

5.48 x103 

±0.45 

1.40 x102 

±0.60 
0 0 0 

Spleen 
1.60 x107 

±0.24 

1.52 x106 

±0.79 

1.12 x103 

±0.62 

8.15 x101 

±3.84 
0 0 0 

Lung 
2.00 x104 

±0.23 

1.13 x103 

±0.93 
0 0 0 0 0 
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the concentration of passive molecules, 

which drops as a function of distance from 

vasculature. Because bacteria are self-

propelled, their density can be higher far 

from the vascular source. It has been shown 

that bacteria that can disperse throughout 

tumour tissue have a greater ability to regress 

tumours14. Salmonella have also been shown 

to chemotax towards molecules that are pro-

duced by dying tumour tissue15,16. Salmonella 

contain chemoreceptors that sense small 

molecules in the local environment. For 

example, using knockout models, it has been 

shown that the aspartate receptor intiates 

chemotaxis towards viable tumour tissue; 

the serine receptor induces tissue penetra-

tion; and the ribose receptor directs  

migration towards necrotic tissue16.

In addition to intrinsic motility, the host 

immune system has a crucial role in pre-

venting bacterial dissemination throughout 

tumours. Neutrophils have been shown 

to prevent bacteria from spreading from 

necrotic to viable tumour tissue50. This 

containment is one possible reason that 

attenuated Salmonella had limited success in 

reducing tumour growth in human trials54–56. 

Depleting host neutrophils increases tumour 

bacterial densities and enables spread 

throughout viable tumour tissue50.

Native bacterial cytotoxicity

Many successful experiments have shown 

that the natural toxicity of bacteria is suf-

ficient to regress tumours (TABLE 1). Native 

bacterial cytotoxicity is caused by sensitiza-

tion of the immune system and competition 

for nutrients42. Although some organisms 

naturally produce toxins, these are typically 

removed to prevent pathogenicity14. Much 

early work on bacterial therapies relied on 

their natural toxicity because direct genetic 

modification of bacteria was not possible. 

The ability of bacteria to regress tumours 

has been recognized since the early 1800s57. 

In the time before strict antiseptic tech-

nique, tumour regression was occasionally 

observed following severe bacterial infec-

tion57. This observation led to the develop-

ment of Coley’s toxin, a bacterial extract that 

stimulates a general immune response57–59. 

Because of this early success, this approach 

persists in many contemporary strategies20,60, 

which are similarly designed to stimulate 

immune responses (TABLE 2). The idea that 

living bacteria could be anticancer therapeu-

tic agents was first advanced in the middle of 

the twentieth century6,7. The increased avail-

ability of antibiotics and the discovery that 

tumours contain anoxic regions61 spurred 

multiple investigations6,62 that showed that 

Clostridium, an obligate anaerobe, could 

regress tumours in mice (TABLE 1). There was 

sufficient enthusiasm to initiate a small clini-

cal trial, and oncolysis was observed in three 

out of five patients following injection with 

Clostridium butyricum63 (TABLE 3).

More recently, Salmonella has been 

tested for its anticancer properties4,46 

and, similar to Clostridium, Salmonella is 

naturally cytotoxic and has been shown to 

regress tumours when administered alone 

(TABLE 1). Immunosensitization is one of the 

key mechanisms of Salmonella cytotoxicity; 

accumulation of Salmonella choleraesuis 

in tumours induces neutrophil infiltration 

and antitumour immune responses64. When 

investigated in human trials, Salmonella 

with a modified lipid A (strain VNP20009) 

was found to be non-toxic and tumour colo-

nization was observed55. In dogs adminis-

tered with VNP20009, tumour colonization 

was also observed and a complete cure was 

seen in 4 of the 35 animals65. There is also 

potential that Salmonella could be delivered 

orally to reduce toxicity. Following oral 

administration in mice, Salmonella prefer-

entially accumulated in tumours and main-

tained its anticancer effects66 with very low 

toxicity67. Oral delivery might be different 

in humans, in which bacterial escape from 

the gut to the circulation occurs less often 

than in mice68.

Expression of anticancer agents

Another advantage of bacterial anticancer 

agents is that they can be genetically modi-

fied to increase their effectiveness. Many 

strategies have been used (TABLES 1,2) and 

two major mechanisms have been studied: 

the direct expression of proteins that have 

physiological activities against tumours 

and the transfer of eukaryotic expression 

vectors into infected cancer cells. For both 

of these mechanisms, three categories of 

Figure 2 | The transport properties of bacterial therapies produce preferable drug concentra-

tion profiles. When injected systemically, bacteria (blue syringe; brown bacteria) specifically accu-

mulate in tumours and migrate to distal regions far from the vasculature (shaded cells). These distal 

regions are typically hypoxic and hypoglycaemic and contain quiescent and necrotic cells. Once trig-

gered (small arrows), bacteria begin to produce therapeutic molecules (blue ovals) that diffuse (large 

arrow) into viable tissue. Systemically injected, passive chemotherapeutic molecules (red squares) 

diffuse into tumour tissue from blood vessels (large arrow). The concentration of bacterially produced 

molecules (blue lines on graphs) is greatest in distal tumour regions and remains constant as long as 

expression of these proteins continues. The concentration of chemotherapeutic molecules is greatest 

in systemic blood and drops as it is cleared by the liver or kidneys. Based on these profiles, bacterially 

produced molecules will be more cytotoxic (shown by dashed lines on the graph) in the distal regions 

of tumours and less systemically toxic. The profile of passive molecules is less favourable, with more 

systemic toxicity and less efficacy deep in tissue.
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Advantages of BC over other therapies 



Programming for Theranostics 

Combined Imaging & Therapy 

Bioluminescence 

(Nature Protocols 2008) 

(Mol Img Biol 2008) 

(Molecular Therapy 2011) 

Fluorescence 

PET(18F-PCA, 18F-FDS) 

MRI 

Photoacoustic Imaging 

Cytolysin A 

(Cancer Res 2010, Molecular Therapy 2013) 

FlaB (sub prep) 

Asparaginase 

(Molecular Therapy 2014) 

Noxa  

(PLoS One 2014) 

Enhanced targeting: 

Surface engineering 

(sub prep) 

Enhanced drug production: 

promoter engineering 

(Cell Cycle 2014) 

PBAD 

(Cancer Res 2010) 

Ptet 

(Molecular Therapy 2013) 

Ara mutant 

(Cell Cycle 2014) 

 

 



pBAD pelB-FlaB 

L-Arabinose 

AraC protein 

Jinhai Zheng 

Triggering Drug Production in Bacteria 

FlaB: Flagellin B of Vibrio Vulnificus 

PBAD promoter: inducible by L-arabinose 





TLR5 expression: Not tumor surface, But macrophage  



Effect of FlaB expressing Salmonellae on MC38 cancer model    



FlaB effect on TLR5 signaling knock-out mice 



Effect of FlaB expressing Salmonellae on Orthotopic 

Colon Cancer and Metastasis 



	 PBS	(n=5)	 SLpBAD-empty	(n=5)	 SLpBAD-FlaB	(n=5)	

Liver	 9	 3	 0	

Spleen	 3	 0	 0	

Lung	 4	 1	 0	

Mesentery/Intestine	 32	 7	 0	

Peritoneal	wall	 8	 6	 1	

Total	 56	 17	 1	

	



Programming for Theranostics 

Combined Imaging & Therapy 

Bioluminescence 

(Nat Protoc 2008) 

(Mol Img Biol 2008) 

(Molecular Therapy 2011) 

Fluorescence 

PET(18F-PCA, 18F-FDS) 

MRI 

Photoacoustic Imaging 

Cytolysin A 

(Cancer Res 2010, Molecular Tharpy 2013) 

FlaB (sub prep) 

Asparaginase 

(Molecular Therapy 2014) 

Noxa  

(PLoS One 2014) 

Enhanced targeting: Surface 

engineering 

(sub prep) 

Enhanced drug production: 

promoter engineering 

(Cell Cycle 2014) 

 

PBAD 

(Cancer Res 2010) 

Ptet 

(Molecular Therapy 2013) 

Ara mutant 
(Cell Cycle 2014) 

 

 



Optical Imaging of Tumor Targeting  

B16F10 C6 SNU-C5 CT26 

  E.coli K-12 MG1655 

CT26-lung metastasis CT26 SNUC5 ASPC1 ARO Hep3B 4T1 

 Salmonella typhimutium defective in ppGpp synthesis 

(SLΔppGpp) 
4T1 U87MG 

Metastatic LN of ASPC1-RFP 
 (pancreatic cancer) 

Min JJ et al. Nature Protocols 2008 
Min JJ et al. Molecular Imaging and Biology 2008 



Melanin Biosynthesis 



Tyrosinase, melanin-producing enzyme;  

As a reporter gene for bacteria 

PET (Al-18F-PCA) 

(-)                         MRI                       (+) 

Hong, Hyun 



Pulsed Laser Illumination 

Optical Absorption 

Heating of Light 

Absorbing Volume 

Thermal Expansion 

Pressure Waves 

Acoustic Detection 

Pulsed Laser Source 
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Advantages 

1. Deep Penetration 

2. High Resolution 

3. Multiplexing 

4. Specificity 
 

Limitations 

• No bones / air 

• Technology is not 

mature yet 

Photo(opto)acoustic Imaging 



Photoabsorption 
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OxyHemoglobin DeoxyHemoglobin Melanin 

After injection of Melanin  

Merge image 

Before injection of Melanin  

OxyHemoglobin DeoxyHemoglobin Melanin Merge image 

Photoacoustic Tomography (PAT) in Tumor  
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Knowing is not enough; we must apply. 
Willing is not enough; we must do. -Goethe- 



Toxicity of FlaB expressing Salmonellae 


