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Some species of animals do not age, sturgeon fish and turtles are examples; Lizards with spare limbs and one type of 

humpback whale have been found with scars from ancient harpoons, weapons that have not been used in centuries but 

how? The answer is in stem cells. Pluripotent Stem cells, used all over the body can cause this instead of the handful of 

localised Adult Stem Cells we can find in our own bodies. If we can harness this ability to eliminate the ageing process 

then the potential to treat more specific areas, diseases and dysfunctions is much higher. My Investigation is to look at 

the treatment of septic shock and sepsis by restoring vagus nerve activity and its role in  the anti-inflammatory 

pathway.. Unfortunately it is not as simple as that and this paper investigates the possible potential treatments and the 

requirements needed to make them work and if not the preventative measure that can be taken with stem cells. 

 

Introduction  

Stem cells application in medicine has a very high potential, it is no longer a treatment that is out of 

reach, having been used already to repair the damage time or disease has taken on the body's  

tissues. Many debilitating conditions that are currently incurable, for example nerve related injuries, 

particularly those involving the spinal chord could be treated by either replacing the problematic 

area altogether and engineering a new one or even allowing stem cells to promote the body to heal 

itself successfully. Impacts this coulhave include having senses fully restored. However stem cells 

are not a recent discovery though, for decades scientists have been trying to harness their ability to 

differentiate into over  200 different kinds of cells. 

 

Stem cells are undifferentiated cells with the ability to 

divide rapidly in order to produce more specialised cells 

or more stem cells. Typically these are found in very 

young embryos, as they are pluripotent and as such 

flexible in their ability to differentiate. However they are 

hard to  get hold of due to the complexity of the license 

needed to obtain them and the controversial ethics 

surrounding them. Although we can now get stem cells of 

nearly the same quality from umbilical chords and from  

those produced by therapeutic cloning ( combining a 

human adult cell with a human egg without a nucleus so 

that stem cells maybe taken from it) the most promising  

is now looking to be from specified cells such as skin 

cells and reverting them back to their undifferentiated forms. Induced Pluripotent Stem Cells. 

Figure 1 shows the levels of stem cells following from a totipotent state ( as a blastocyst) down to 

several examples of specialised cells. 

        

In the mid 1800s, with the newly found knowledge that cells could generate other cells research 

started but it was not until the early 1900s  that the discovery of stem cells was made, that some 

cells could produce blood cells.  Coming to the end of 1950s  allogeneic transplants were attempted 

in France, specifically to treat anaemia and leukaemia, moving on to a set of twins to treat SCID ( 

Severely Compromised Immunodeficiency) .When human leukocyte antigens were recognised as 

being essential to the body's immune system, differentiating the body's own products from that of  

foreign origin and acting appropriately. Identical twins would have the same HLA's and as such 

they would be compatible. However it was  1973 that saw a unrelated patient successfully 

transplanted  leading the way for the treatment of immunodeficiencies and leukaemia from the stem 

cells found in bone marrow.  

 

In the November of 1998 the foundation for embryonic stem cell research was laid, the University 

of Wisconsin, particularly James Thomson successfully extracted cells taken from the inner  cell 

mass of embryos at their fertility clinic and started the first stem cell  lines.  At the same time John 

Gearhart from John Hopkins University took germ cells from fetal gonadal tissue. Both sources 

enabled pluripotent stem cell lines to be produced and research to move forward despite the ban on 

Figure 1. Development of stem cells.  



government funding due to the ethical issues surrounding the use. Controversy is derived from the 

way stem cells are created and extracted. The idea that an embryo is still human with the potential 

to be born and therapeutically cloning or destroying it therefore is morally wrong. An argument that 

is now not relevant to the new techniques that revert adult cells back to their pluripotent states using 

a single-cell biopsy which allows stem cells to be  produced without destroying embryos. 

 

 

In recent years, induced pluripotent stem cells (IPS) have 

been the topic of discussion, particularly November 2007 

when two papers were released, one of Japanese and the 

other of American origin publishing that it was now 

possible to use normal cells to create stem cells, 

eradicating the need for embryo destruction and immuno-

suppressants as they are taken from the patient 

themselves. However both methods carried large risks 

with them, one of the four genes that coded the 

transcription factors that activated other genes within the 

cell, reverting said cells back to their pluripotent forms 

promotes tumour growth. The gene c-Myc, a proto 

oncogene however yields one hundred times more cells 

and was far quicker to culture than the new cocktail of 

genes that were created only two weeks later to replace c-

Myc as it proved to have a much lower risk of the 

development of cancer. None of the 26 Chimeras 

developed tumours in the 3 gene method rather than 16% 

that did in the four gene combination that contained c-

Myc. It is to be noted that the procedure itself increases 

the risk of cancer. On top of that hazards still 

accompanying the use of retrovirus vectors to deliver the 

DNA, virally modified cells still are accompanied by dangers.  

 

There are four main concerns surrounding the safety of stem cell treatment and it is important to 

highlight them and not get lost in the potential of such technology. With all transplants a patients 

immune system is  very vulnerable as powerful immuno-suppressant drugs are used to lower the 

chance of transplant rejection. However should a virus be in the stem cells themselves then the 

patient is now not equipped to deal with such an assault and liable to contract the disease.  

Cultivation of stem cells may have animal sources as nutrients for their development. Such animals 

could be hosting viruses that could easily be passed on to the receiving human  as there are many 

viruses and diseases we still don't know about let alone be able to screen efficiently when our 

current technology cannot detect to an extent where it could be considered safe. 

 

Due to the nature of stem cells the most concern comes from their ability to grow quickly, without 

guidance uncontrolled development brings the risks of tumours and cancer but it is this very ability 

to grow quickly that makes them so useful and their plasticity is invaluable to their use. On top of 

that the potential development of the wrong kind of differentiation, the wrong cells and tissues as a 

product is yet another concern, although inducing partial stem cell differentiation before the patient 

receives the transplant would lower that danger significantly, however close observation and control 

of growth is still required. Unfortunately the knowledge of how stem cell differentiation is 

controlled is still not vast and more research is needed. Only then can we be certain we turn on the 

right genes and not the wrong ones. Never the less the possibilities available through regular 

therapies or one off treatments for diseases and ailments of particular morbidity and disability are 

numerous and as long as the necessary evaluation and caution is taken before being accepted for use 

    Figure 2. Diagram showing IPS           

procedure combined with genetic        

intervention to cure sickle cell             

anaemia 



then in a near future we will find ourselves with a host of seeming incurable conditions now 

treatable. 

 

Such an example would be the case of Claudia Castillio, a thirty year old mother of two who's 

airway had collapsed following Tuberculosis. A tissue engineered airway was made at the 

University of Bristol having taken a donor  Trachea and Bronchus to be stripped away and used as a 

scaffold. Stem Cells taken from patient's bone marrow were cultured and matured to chondrocytes 

and epithelial cells  before being seeded into the donor organ. After four days the graft was used to 

replace Claudia's left Bronchus. This break through shows us that stem cells are not just a futuristic, 

out of reach treatment that we can hope to deliver in ten years time, it is an ever expanding 

technique that is here today. 

 

There are even cases where just delivering stem cells found in the patients own malfunctioning 

organ or tissue site has repaired the damaged site. In 2004 two Argentinian women were treated 

with stem cells in the hope that the damage site would be restored. The patients had contracted 

Chagas disease caused by parasites which damage most organs often without any symptoms 

indicating their destructive path until it is too late. 3 months later and a patient unable to walk 300m 

without stopping had cycled 5km with no over exertion. A debilitating disease that in its chronic 

state can kill 30% of those infected due to organ damage was now reversible.  

 

So how do we treat two medical conditions such as Sepsis and Septic Shock where one can kill 

within hours and the slowly progressive over days and even weeks where the cause of death doesn't 

even have to be caused by bacteria, instead the body's own dysfunction can be fatal? Although it is 

important to define both conditions separately as they are caused by different cytokines, sepsis can 

lead to septic shock. This is the main focus of my paper, how do you stop the bodies own defence 

system from killing itself and how do you repair the damage if it is too late?  

 

Discussion 

Stem cells can be used replace, to encourage the body to repair damaged tissues by introducing 

them directly into the afflicted area thus stimulating the body to reconstruct said area or genetically 

alter the stem cells before returning them to the body without a genetic defect (seen above in figure 

2.). 28-50% of people who get sepsis are likely to die from it and if Sepsis and Septic Shock are 

amongst the top causes of death today, then the amount of lives you can potentially save is 

numerous, yet there is very little media coverage surrounding either and as such funding for 

research is harder to get. The lethality from most diseases comes from the body going into shock 

resulting in multiple organ failure. So if you could prevent or repair the extensive damage these 

cause then numerous treatments become available for not one disease but a great many, find other 

conditions caused by the same cytokine over production (though not necessarily the same cytokine) 

and you not only have mortality rates decreased but you can relieve patients of debilitating 

conditions such as Arthritis. But surely if numerous ailments can be treated with one solution there 

must have to be several inhibitors at work to potentially  prevent and cure such a variety of 

conditions and diseases? No, one chemical released by the stimulation of one nerve is the key to 

solving all of those problems. 

 

However we cannot just expect to be able to inject stem cells into whatever problematic area and 

hope for the best, we must understand the condition/s we hope to treat. Sepsis and septic shock both 

are caused by overproduction of cytokines however that may come about, by tissue damage or 

infection. The Vagus nerve however controls the levels of cytokines in the blood by releasing the 

chemical Ŭ7 nAChR ( acetylcholine ) which after binding with the appropriate receptor of a 

cytokine producing cell inhibits their synthesis, particularly TNFŬ and HMGBĭ. So it is when the 

Vagus nerve can not produce Ŭ7 nAChR because of a genetic knock-out or is not stimulated to 

release the chemical cytokine production continues. Figure 3. shows this.  



 

 

Surprisingly nerves actually do try to regenerate after trauma or injury but the axons get stuck in 

scar tissue, if only they were to get through either by elongating or stimulation then they would 

have no problem in healing themselves. If the Vagus nerve was to be in this situation then we would 

not have this issue unless there was a genetic defect to do with the chemical production. 

 

Sepsis itself is difficult to define, over the years it has been reviewed time and time again. Clinically 

sepsis is defined as: Systemic Inflammatory Response due to infection but there are two stages to 

sepsis, acute sepsis and severe sepsis to look at but of course septic shock and sepsis can also . 

Figure 4. shows us that Sepsis itself can be  cause of mortality alone without septic shock, though it 

can also lead to septic shock. In both cases death is caused by multiple organ failure, consequential 

of tissue hypo perfusion the details of which will be explored later. 

Figure 3. The Cholinergic Anti Inflammatory Pathway showing the Vagus nerve's role in 

cytokine inhibition  



 

Whether or not an infection has to be present can be argued as cases of sepsis occurring with no 

trace of infection have been recorded and as such it has been suggested that HMGB¹ (the main 

cytokine responsible for sepsis) found  primarily in the nucleus of cells as a nuclear protein in large 

quantities could be released with tissue injury or ischemia causing cell apoptosis. This would indeed 

trigger Sepsis if left uncontrolled.  HMGB¹ itself causes hypo perfusion by causing the barriers 

between cells to dissolve at a molecular level, consequently this makes the epithelial layers leaky 

allowing metabolic toxins into the bloodstream and fluid out causing a dramatic decrease in blood 

pressure. Waste products build up and organ epithelial layers break down until organs shut down 

because it no longer has the nutrients or oxygen to work effectively, this in turn causes a chain 

reaction as other organs must support failed ones before succumbing to the same fate one by one. 

 

Septic shock is much easier to define as  it is a subcategory of shock which in itself can be loosely 

defined as: 

 ñ A clinical syndrome that occurs when circulatory failure with inadequate or inappropriately 

distributed tissue perfusion results in failure to meet tissue metabolic demands causing generalised 

cellular hypoxia with or without lactic acidosis.ò - Critical Care Medicine at a Glance by Richard 

Leach. 

 

Lewis Thomas once said in his 1975 book ' The Lives of the Cell' in reference to the body's 

response to infection.  ñ When we sense a lipopolysaccharide, we are likely to turn on every defence 

at our disposal: we will bomb, defoliate, blockade, seal off and destroy all the tissues in the area. 

All of this seems unnecessary, panic-driven...The self-disintegration of the whole animal that 

follows a systemic injection can be interpreted as a well-intentioned but lethal error.ò A very 

controversial statement in a time when such responses were attributed merely to pathogenic toxins. 

Kevin J. Tracey also quotes this in his own paper ' Physiology and immunology of the cholinergic 

anti-inflammatory pathway' a very fitting description to the problem at hand. 

 

When an infection reaches the bloodstream macrophages release the cytokine TNFŬ (Tumour 

necrosis factor alpha) and array of other cytokines. TNFŬ activates white blood cells and signals 

them to come to the site of infection but also makes the lining of arterioles and smaller arteries 

sticky , over production brings so many white blood cells that they begin to clot and clog up smaller 

blood vessels and essentially stopping the movement of blood as a thrombus. Behind the site the 

tissues become ischemic and as such fall into an apoptopic state (programmed cell death) causing 

the endothelial layers to die and release more TNFŬ providing no barrier between organs such as the 

bowel and bacteria filled vessels and the blood stream creating a viscous cycle of organ damage, 

increased heart rate, hypoxaemia (deficiency in the 

concentration of dissolved oxygen in arterial 

blood),ARDS ( Acute Respiratory Distress 

Syndrome),reduced oxygen delivery and apoptosis. 

Figure5 demonstrates this. 

 

 

 

 

 

Conclusion 

Now we have explored the mechanisms for both septic shock and sepsis it is clear that in order to 

treat these conditions the cytokines must be inhibited to reduce the chance of mortality and thus 

comes the role of stem cells in this investigation. Looking back to Figure 3. the Vagus nerve is our 

Figure 4.  The progression from SIRS to sepsis and septic shock 

Figure 5. The Vicious Cycle 



key target, more research would have to go into the possibility whether the inflammatory response 

was the cause of the Vagus nerve's inability to be stimulated and reflexively prevent further damage    

by halting further cytokine production. However it is on a patient to patient basis the course of 

inactivity and a potential genetic knock out of the production of  Ŭ7 nAChR as mentioned earlier. 

 

Problems start to arise where time scale is concerned. Septic shock and kill within several hours so 

a treatment that would take days and weeks to prepare becomes rather useless unless in the future  

we can come up with a way to speed up the cultivation process or have stem cells banked and 

readily available to match and use like  blood transfusions. Sepsis is rather easier to work with as is 

slower to progress than Septic Shock but it would be working on a very tight schedule and reliant 

on the work of machines to support the failed organs till they could be repaired. So all three 

potential treatments I will go through.  

 

Replacement. If the vagus nerve is merely inactive as a consequence of a previous condition or 

Vagotomy then in the future it is possible to create whole appendages, organs around large amounts 

of tissue for transplant from scratch then the Vagus could potentially be replaced. Though the risks 

would still be higher considering the role of the vagus nerve itself not only in mediating cytokines 

but other subconscious conditions via parasympathetic and sympathetic pathways shown in figure 

6. As such removal of such an extensive organ would be very difficult and dangerous to accomplish 

successfully. Overall this idea is not looking to 

favourable as the surgery itself would require  a 

lot of time and exposure and much higher risk 

of infection and potentially cause the either or 

both of the conditions that we would be trying 

to treat. 

 

Encourage self-repair. Taking adult bone 

marrow stem cells from the patient and then 

injecting them directly into the Vagus nerve is 

one way but previous cases involving this 

method took weeks and months to repair the 

damage done. Time is precious in the diagnosis 

and treatment of both septic shock and sepsis. If 

this in the future is sped up, this particular 

treatment could be very quick from extraction 

to transplantation. The cost would also be lower 

as a consequence so with the right technology 

and methods this would have a lot of potential 

for success in inhibition of the over production 

of cytokines where the Vagus nerve   is merely 

inactive. 

 

Genetic modification before transplant. 

If as a consequence of genetic disorder the chemical  Ŭ7 nAChR was unable to be administered as a 

reflexive response to a systemic inflammatory response then this would have to be the treatment to 

be considered either through therapeutic cloning or induced pluripotency. Research would have to 

be taken to find the gene responsible for this particular function first and then the treatment could 

follow on from there.  

 

At this moment in time there is no solid, definitive treatment for septic shock or sepsis only to 

optimise tissue perfusion and eliminate bacterial infection. There are drugs to help inhibit cytokines 

but they take time to circulate in a body with  barely any blood pressure. Next vasopressors are 

Figure 6. Functions of the Vagus Nerve 


