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Employing the concept of ectopic tissue organogenesis within the lymph
nodes could provide an application to the shortage of viable and

complimentary transplant organs, a cure for Type 1 Diabetes and cancer.
Introduction;
Approximately 1600 Australians are currently awaiting an organ transplant' with another
1200 on last resort treatments such as dialysis as a result of severe medical conditions'.
Despite this demand, the availability of organ donors is far less, with only 1500 of these
2800 receiving these lifesaving transplants each year'. Thus, the necessity for alternate
methods of long-term treatments is rapidly increasing. Furthermore, for years, scientists
have endeavoured to find better cures for diseases such as cancer and type 1 diabetes that
effect 1in 2"and 1 in 8,000 people in Australia respectively. Organogenesis, the natural
process of tissue regeneration, could provide a basis for effective and minimally invasive
methods of regeneration to organs" such as the liver, thymus and pancreas. This technology
could aid in the transplant organ shortage and provide cures for other diseases.

Scientific Background;
The complex process of organogenesis is done by injecting healthy donor cells into the
lymph node. Here, they differentiate to form extra nodules that take on the role of the
desired organ'. For example, in the endeavour to grow an ectopic liver, donor hepatocytes
(liver cells) are injected into a lymph node". After approximately 10 days, in the efforts to
protect homeostasis, the lymph nodes enable the original donor hepatocytes to start
multiplying through organogenesis’, much like an embryo within the womb'. This ultimately
forms small cyst like structures that can serve the purpose of a conventional liver¥. 10
weeks after the initial injection of the donor hepatocytes, the now extra hepatic nodules
(previously smaller cysts) migrate through the body through the lymphatic system to
distribute closer to the organism’s original liver" (figure 1).
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Figure 1: The multiplication of donor hepatic cells within the lymph nodeV

The lymph nodes are ideal vivo (within the body)" bioreactors for this process for many
reasons". Firstly, their position within the lymphatic system (a system of veins near the
blood stream that contain the cells of the immune system) means that they have access to
adequate nutrients and hormones that assist in hepatic nodule growth". Secondly, they
have the unique ability to expand, and can sacrifice their traditional role within the body
based on their abundance making up for the specific deficits". Most research has shown
that the most effective lymph node for completing the process has been the jejunal lymph



node. This is due to its functions closely mimicking that of the nearby appendix or small
intestinal lymph nodes so they can easily serve the same purposes™. This is shown by figure
2 in which the jejunal lymph nodes has created the largest ectopic liver in comparison to the
lymph node that has received no treatment (circled and characterised by a dark red-brown
colour).
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Figure 2: Evidence of research showing effectiveness of different lymph nodes in producing
ectopic tissue in rats."

This process can be applied to many different medical needs such as cancer treatments
through the production of an ectopic thymus, type 1 diabetes cures through the production
of ectopic islet cells and liver and kidney transplants as described above.

SHE Concepts;

Application and Limitation

As discussed above, there is a major disparity between the demand of viable and matched
transplant organs and their available supply. As a result, the average Australian will wait
four years to receive the lifesaving organ* despite 90% of the adult population being
registered as organ donors'. Using the technologies found in the organogenesis of ectopic
tissue could be used as an application to this problem as a fully functioning donor
transplant organ is not required. Rather, a single transplant organ could provide donor cells
to dozens of patients, minimising the number of whole donor organs that are needed for
the entire recipient population. Therefore, rather than the majority of organ donors being
those who have died, samples of donor cells can be taken at minimal detriment from
healthy donors. Also, the parameters of donors that can give their organs is widened and
the disparity between the demand and availability of organs is lessened. Furthermore, as
only a small sample of donor cells are transplanted and the organogenesis is occurring
within the recipient’s bodies, the rate of rejection of the cells is expected to be a lot lower
than that of conventional transplantation where 18% of organs are rejected*.

Many terminal conditions are a direct result of organ deficits therefore, replacing the organs
has often proven to be beneficial in curing or minimising the symptoms of the condition.
Type 1 diabetes, in which the pancreas has an absence of islet cells that create and regulate
insulin production, could be cured by applying the same technology'. Rather than injecting
hepatic cells, donor islet cells (pancreatic cells) could be injected into the lymph nodes to
produce an ectopic pancreas that could resume insulin production and regulation*.



Using the same technology to provide a more effective cure for cancer is also a possibility.
The thymus is responsible for differentiating T cells, which play a role in the cell-mediated
immune response that is specifically used in fighting cancers. As a result, growing a thymus
using organogenesis may halt multiple processes that allow cancers to thrive, ultimately
providing a plausible treatment.

Despite this technology proving helpful in providing alternate therapies for those needing
organ transplants, there are a number of limitations to the phenomenon. Specifically, the
treatment takes 10 weeks to be completed so would not be useful to patients in dire
situations that are in need of immediate transplants (a large percent of cases)*. Another
limitation results from the limited organs that this technology can produce. Namely, the
simpler structure of organs such as the liver, kidney, pancreas and thymus allow the
technology to be used as the accuracy of the function of the cells is more vital to their
success than their arrangment¥’. Conversely, organs such as the heart and intestines that
have their structure play a larger role in their function could not be created using ectopic
tissue and the process merely replicates cells rather than arranging them into specific
patterns. Finally, even within the small rodent trials the mortality rate of the subject is very
high with 100% dying after 11 weeks (see graph 1)'. Despite this, with each trial that is
conducted, the mortality rate is decreasing suggesting that with further research and
testing, the technology could provide a treatment would be beneficial to humans'.
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Graph 1: mortality of rats in early hepatic cell reception studies”

Influence:

Health care is one of the country’s leading costs, with the average transplant costing an
average of $139,900"V, cancer treatments costing $7,500%" and type 1 diabetes treatments
costing an average of $16,698 per year®. These essential, life-sustaining treatments are
often economically unavailable or place families in serious financial debt. In addition, major
surgeries that result from transplants and cancer treatments often require extended
hospital stays requiring time off work which place an increased economic cost to both the
societal economy and the patient and family. Consequently, using the new technology of
organogenesis to grow ectopic tissue within the lymph node may be more widely accepted
within the community as it eliminates much of this economic influence. As it only requires a
simple, minimally invasive procedure and the entire process occurs in vivo", hospitalisation
is often a lot shorter and the consumables and personnel needed are minimalised. Similarly,
with diabetes, after the treatment the disease can possibly be considered cured and



therefore further treatment is not required. As a direct result, the costs associated with
medical needs and time absent from work are also minimised.

Current Applications

Whilst the technology has proven very effective in early studies and trials, further testing is
required to warrant acceptance and certification as a possible treatment in a clinical setting.
To aid in this, large animal studies for liver regeneration have been successfully completed
and phase 2 human trials started in the first quarter of 2020%, ultimately being promising in
paving the way to full endorsement and ultimate applications in the medical field.

Conclusion

In conclusion, the organogenesis of ectopic tissue could be used to eradicate the need for
some organ transplants and thus, eliminate the disparity between organ donors and
recipients. Furthermore, the technology could also provide highly sought-after cures for
type 1 diabetes and cancer by replacing the effected organs and increasing the abilities of
the immune system. This technology could prove to be more widely accepted due to its
ability to eliminate the economic detriment that results from prolonged hospitalisations and
subsequent time off work. Despite these applications, there are some limitations to the new
treatments such as its extended time that takes to be completed, its limited parameters in
terms of organs can be produced and its high mortality rates in early small mammal trials
(being rectified in current large mammal and early human testing).

Word Count; 1,507 words



Bibliography & End Notes (In Order of Appearance)

" Australian Government, Organ and Tissue Authority. (2019). Facts and statistics. Retrieved
from Australian Government, Organ and Tissue Authority:
https://donatelife.gov.au/about-donation/frequently-asked-questions/facts-and-
statistics

it Cancer Council. (2019, May 14). Cancer in Australia. Retrieved from Cancer Council:
https://www.cancer.org.au/about-cancer/what-is-cancer/facts-and-
figures.html#:~:text=Cancer%20in%20Australia&text=1%20in%202%20Australian%2
Omen,by%20the%20age%200f%2085.

i Australian Government, Australian Institute of Health and Welfare. (2020, March 25).
Incidence of insulin-treated diabetes in Australia. Retrieved from Australian
Government, Australian Institute of Health and Welfare:
https://www.aihw.gov.au/reports/diabetes/incidence-insulin-treated-diabetes-
australia-2016/contents/type-1-diabetes-incidence

v Medicine, The McGowan Institute For Regenerative. (2018, April 11). From the Lab of Dr.
Eric Lagasse to ABC’s Grey’s Anatomy: Organogenesis of Ectopic Tissue in the Lymph
Node. Retrieved from University of Pittsburgh: https://mirm-pitt.net/news-
archive/from-the-lab-of-dr-eric-lagasse-to-abcs-greys-anatomy-organogenesis-of-
ectopic-tissue-in-the-lymph-node/

vV SENS Foundation. (2014, March 8). Ectopic organogenesis in lymph node - Eric Lagasse.
Retrieved from Youtube: https://www.youtube.com/watch?v=jZb1Xj-jA7M

Vi Lagasse, M. G. (2015, February 2). The Lymph Node as a New Site for Kidney
Organogenesis. Retrieved from US National Library of Medicine:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4339853/

Vil Eric Lagasse Lab. (2020). Eric Lagasse Lab. Retrieved from McGowan Institute of
Regenative Medicine: http://mirmresearch.net/lagasse/

Vil C, W. (2020). Medical Definition of In vivo. Retrieved from Medicine Net:
https://www.medicinenet.com/script/main/art.asp?articlekey=4034

X healthdirect. (2019, January). Lymph Nodes. Retrieved from healthdirect:
https://www.healthdirect.gov.au/lymph-nodes

X Eisen, H. J. (2019, May 13). Patient education: Heart transplantation (Beyond the Basics).
Retrieved from UpToDate: https://www.uptodate.com/contents/heart-
transplantation-beyond-the-
basics#:~:text=Late%20mortality%20%E2%80%94%20Rejection%20is%20less,are%2
Othe%20result%200f%20rejection.



X lifespan.io. (2020). LYGENESIS - ECTOPIC REPLACEMENT ORGANS. Retrieved from
lifespan.io: https://www.lifespan.io/road-maps/the-rejuvenation-
roadmap/lygenesis-ectopic-replacement-organs

Xt \VIVO Pathophysiology. (2020). Functional Anatomy of the Endocrine Pancreas . Retrieved
from VIVO Pathophysiology:
http://www.vivo.colostate.edu/hbooks/pathphys/endocrine/pancreas/anatomy.htm
l#:~:text=Pancreatic%20islets%20house%20three%20major,abundant%200f%20the
%20islet%20cells.

xiii

THE TRANSPLANTATION SOCIETY OF AUSTRALIA AND NEW ZEALAND. (2012, May 16).
ORGAN TRANSPLANTATION FROM DECEASED DONORS: CONSENSUS STATEMENT ON
ELIGIBILITY CRITERIA AND ALLOCATION PROTOCOLS . Retrieved from THE
TRANSPLANTATION SOCIETY OF AUSTRALIA AND NEW ZEALAND :
https://www.tsanz.com.au/downloads/16thMayTSANZConsensusStatementVs1.2_0
00.pdf

XV New South Wales Government. (2016, March 23). Cost of care in NSW Hospitals.
Retrieved from New South Wales Government:
https://www.health.nsw.gov.au/Hospitals/Going_To_hospital/cost-of-
care/Pages/default.aspx

X Type 1 Foundation. (2019). What is Typel Diabetes? Retrieved from Type 1 Foundation:
https://www.typelfoundation.com.au/type-1-
diabetes#:~:text=Type%201%20Diabetes%20Disease%20Facts&text=0n%20average
%20Type%201%20Diabetes,endured%20by%20individuals%20and%20families).





