
MOLECULAR IMMUNOLOGY

”PATHOGENS AS A WEAPON AGAINST DISEASE – THE IDEA OF 

USING BACTERIA FOR HEALING PURPOSES IS SUCH AN ATTRACTIVE 

ONE THAT WE ARE ACTUALLY DOING IT“ 
Dr. Siegfried Weiß, research group leader Molecular Immunology

Pathogens to combat cancer? Yes, because salmonellas 

have properties that make them predestined for use 

against cancerous tissue, explains Siegfried Weiß: ”We 

know them very well, they are simple to manipulate 

genetically and, above all, they find their own way into 

the tumour tissue.“ The immunologists have 

already been able to demonstrate this in 

mice with tumors of the colon. Injection of 

light emitting salmonellas into the blood, the 

scientists can observe the bacteria migrating 

to the tumour in the order of just a few 

hours. With the aid of a special camera they 

can see through the skin above the tumour 

and observe the salmonellas gathering 

inside the tumour. 

The theory behind this: a tumour grows 

very quickly and needs to be supplied with 

lots of oxygen. However, blood vessels are 

unable to form as quickly as the tumour cells 

grow   the interior of the tumour dies from 

lack of oxygen. ”This procedure is known as 

necrosis formation,“ says Siegfried Weiß. 

”These necroses are full of nutrients for 

bacteria. In addition, they are also protected against the 

immune system, as no blood flows in them, making them 

a fantastic habitat for the bacteria.“

The scientists even suspect that the salmonellas do not 

migrate to the tumours by chance. Instead, the bacteria 

cause the blood cells to release messengers. These 

Salmonellas are rod-shaped bacteria and infamous pathogens. When warm weather conditions allow them to reproduce in 

the insufficiently cooked egg dishes of a canteen they can even make it to the headlines. All in all, they are dangerous little 

creatures. And they offer a wholly new perspective in the fight against cancer.

FIGHTING CANCER WITH SALMONELLA  

k Salmonella

Rod-shaped, gram-ne-

gative, mobile bacte-

rium. Causes various 

illnesses in humans 

and animals.

k Necrosis

Death of one or more 

cells in the living orga-

nism due to external 

influences. Examples: 

toxins, bacteria, nutri-

ent and oxygen defici-

ency, radioactivity. As a 

result, adjacent tissue 

becomes inflamed.

cause blood to flow into the tumours, flushing the salmo-

nellas into the sick tissue. Once inside the tumour they 

reproduce, enlarge the necroses and feed on the dead 

tissue. They literally eat the cancer from the inside.

This works – in mouse tumours. But this is not enough 

for Siegfried Weiß. He also wants the cancer eaters to be 

equipped with a medicine that the salmonellas release 

inside the tumour. This agent should then kill the cancer 

cells in the manner of chemotherapy. But directly on-

site, with fewer side-effects and at the very seat of the 

disease.
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SIEGFRIED WEISS

Siegfried Weiß studied biology at the Freie Universität Berlin and wrote his PhD dissertation at the 

Basel Institute for Immunology, Switzerland, (1970-1978). Following this, he became a research 

associate at the Salk Institute for Biological Studies in San Diego, USA, (1978-1980). Until 1983 

Siegfried Weiß worked as a research assistant at the Friedrich Miescher Laboratory of the Max 

Planck Society in Tübingen. After this he returned to Switzerland, where he worked as a scientific 

member of the Basel Institute for Immunology until 1989. In 1989 he then spent a year as visiting 

professor at the Institute of Immunology and Rheumatology in Oslo, Norway, commencing his 

current position as head of the Molecular Immunology research group at GBF – now HZI – in 1990. 

Siegfried Weiß is involved in research into the interaction between bacterial pathogens and the 

immune system, initially with the virulence factors of listeria monocytogenes.

Following this, he attempted to use this bacterium, but also salmonella typhimurium, as a carrier for 

vaccines and DNA vaccines.

SALMONELLAS CARRY THE CODE FOR 

THE ACTIVE AGENT

But how are salmonellas supposed to transport a medi-

cine into the tumour? After all, bacteria have no pockets 

into which a tablet could be placed. The trick is for the 

salmonellas to merely carry the code for the active agent   

in their genes. They only begin to produce the agent after 

arriving in the tumour. ”We use so-called plasmids for 

this,“ says the immunologist. ”These are small gene rings 

that are not directly inserted into the genetic makeup of 

the bacteria, instead floating freely in the bacteria cells.“ 

Such plasmids are used by bacteria, for example to carry 

information concerning antibiotic resistance. However, 

researchers also use the gene rings to smuggle in genetic 

material when bacteria are used to produce new materi-

als in industry.

The plasmid that the researchers of Siegfried Weiß‘ group 

have constructed carries the information for a cell toxin. 

However, the salmonellas themselves also currently suf-

fer from the substance and destroy themselves as soon 

as production is commenced. ”A further major difficulty 

lies in programming the bacteria in a way that causes the 

tumour cell toxin to only be released inside the cancer 

tissue,“ says the immunologist. To achieve this, the team 

is also constructing genetic switches in the plasmid. They 

switch the plasmid on when the bacterium absorbs a 

particularly exotic sugar that does not normally occur in 

the body, but which is perfectly harmless. When the anti-

cancer salmonellas have assembled in the tumour, the 

patient receives this sugar into their blood. The bacteria 

k Chemotherapy

Medicinal treatment of 

cancer and infections.

k Plasmid

Autonomously repli-

cating DNA molecules 

that occur in bacteria, 

but that are not part of 

the bacteria chromo-

some. May be reprodu-

ced independently of 

the chromosomal DNA. 

Antibiotic resistance is 

encoded on plasmids.

absorb it – a sugar molecule floating past represents a 

welcome meal   and then automatically switch the plas-

mid on. The salmonellas now start to produce the cancer 

medicine – at the very centre of the cancer tissue.

”The use of this reprogrammed bacterium is still basic 

research. The difficulty is that we are working with a 

pathogen,“ emphasises Siegfried Weiß. ”This means that 

the pathogen has to be weakened so that it can no lon-

ger harm the patient. On the other hand, the bacterium 

also needs to be active enough to destroy the tumour. 

Finding this balance is the difficult part.“ Siegfried Weiß 

thinks that it will be some years yet before the problem 

is resolved.

The salmonellas migrate from the blood-
stream into the tumour in the space of 
one day.
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