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Notwithstanding the challenges associated 
with commercial manufacture, cell-based 
therapies – and especially those involving 

stem cells – are having their day in the sun. There 
is a greater understanding of the biology of how 
cells in our body, particularly cells involved in 
repair and regeneration, interact with one another. 
Cell-cell interaction is hugely important because it 
helps to maintain structural integrity of tissues, 
enables co-ordinated functioning in multicellular 
organisms and synchronises responses in groups of 
cells1.  

The principle reason why cell-based therapies 
are gaining acceptance is data from research. 
Scientists have tested these therapies in animal 
models of disease and proven that stem cell thera-
pies have great potential to treat a variety of ther-
apeutic targets. Encouraging efficacy and safety 
data from studies in humans is now emerging, and 
several cell therapies have received marketing 
approval, facts which together are prompting the 
scientific and medical communities to view cell-
based therapies as a viable potential future option 
for mainstream medical treatment. 

The body’s raw materials 
Stem cells are the body’s raw materials, the cells 
from which all other types of cells are generated. 
Under the right conditions in the body or in a lab-
oratory, stem cells divide to form more cells, called 
daughter cells2.  

Daughter cells become new stem cells or spe-
cialised cells with specific functions, such as blood 
cells, brain cells, heart muscle cells or bone cells. 
No other cell in the body has the natural ability to 
generate new types of cells3.  

Embryonic stem cells come from embryos. 
While use of this type of stem cell to generate cell 
therapies shows promise for treating or even curing 
many diseases, there is significant resistance to 
their mainstream use. Those who oppose such use 
of human embryonic stem cells argue it is unethical 
because the process of obtaining these cells 
destroys the embryo, an outcome which is consid-
ered by many to amount to murder.  

Adult stem cells are found in many adult tissues, 
such as bone marrow or fat. These are undifferen-
tiated cells found throughout the body that divide 
to replenish dying cells and regenerate damaged 
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Cell-based therapies are being widely recognised for their potential to treat a 
variety of medical conditions, but they face major obstacles toward 
commercialisation. Traditionally, they have been difficult and expensive to make 
in large quantities. Biopharmaceutical companies must develop manufacturing 
solutions that will enable them to efficiently and reproducibly create the huge 
amount of product needed to help patients around the world.



tissues. Adult stem cells can self-renew and differ-
entiate to generate the cell types of the organ from 
which they originate – potentially regenerating the 
entire organ from a few cells. They can be harvest-
ed from the patient and have been used successfully 
for many years as an adjunct in the treatment of 
leukaemia and related bone/blood cancers through 
bone marrow transplants4. 

Perinatal stem cells are found in amniotic fluid, 
placental tissue and umbilical cord blood5. These 
cells are formed around the time of birth, and 
because they are believed to be more primitive than 
stem cells in bone marrow and fat tissue, they have 
great therapeutic potential. Some new parents 
bank perinatal tissue and cord blood in a private 
blood bank with hopes that it will help to treat 
their child if they have diseases in the future.  

Induced pluripotent stem cells (iPSCs) are adult 
cells that are altered in the laboratory to have 
properties of embryonic stem cells. This type of cell 
can become a multipurpose research and clinical 
tool for understanding and modelling diseases, 
developing and screening candidate drugs and 
deriving cell therapies for regenerative medicine6. 
Because they are not derived from embryos (and 

yet have many of the properties thereof) they are 
not associated with the ethical controversy men-
tioned above. This renders iPSCs as a particularly 
valuable and useful starting material for the pro-
duction of cell therapy products. 

Another type of stem cell, mesenchymal stem 
cells (MSCs), are multipotent adult stem cells pre-
sent in small amounts in several tissues, including 
umbilical cord, bone marrow and fat tissue. 
Mesenchymal stem cells can self-renew by dividing 
and can differentiate into multiple tissues including 
bone, cartilage, muscle and fat cells, and connec-
tive tissue. Because of their unique and powerful 
immunomodulatory properties, MSCs are the sub-
ject of intense research around the world. Many 
biopharmaceutical companies are utilising MSCs 
to create new drug therapies and several MSC-
based products are now being commercialised in 
major markets.  

A main advantage of cell-based therapies is a 
high level of specificity. Most pharmaceutical com-
pounds not only impact specific targeted bodily 
processes, but commonly have ‘off-target’ actions. 
That lack of specificity and precision is the reason 
why drug therapies commonly have side effects, 

Recent research has shown 
mesenchymal stem cells 

(MSCs) to be a useful adjunct 
for treating patients with 

serious, ongoing complications 
due to COVID-19 infection. 
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Because cell-based therapies 
have enormous business 

potential, biopharma 
companies are forging 
scientific and business 

partnerships that will assist in 
moving these new 

technologies forward.  
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ranging from minor to dangerously life-threaten-
ing. Cell-based therapies have the unique ability to 
target and enhance the body’s own processes – 
which is a huge therapeutic advantage over other 
medicines – and, at least in the case of MSCs, have 
demonstrated that they cause no major adverse 
effects7. 

 
Obstacles to overcome 
The task of obtaining stem cells, however, presents 
significant obstacles. Donating bone marrow for 
stem cell harvesting is a surgical procedure that is 
painful and requires a hospital stay. Donating fat 
tissue is highly invasive as well. Both require many 
donors to obtain a substantial number of stem 
cells. Moreover, the cells that are obtained still 
require massive expansion (through causing the 
cells to divide) in culture. This process has been 
shown to cause the properties of the cells to 
change, in particular losing their therapeutic 
potency in a well-described process of senescence.  

Another problem with patients donating their 
own material – called an autologous process – is 
that treatment options are limited. An alternative 
approach, called allogeneic, is referred to as an 
‘off-the-shelf’ approach that provides a product 
that can be used in many patients.  

It is possible to obtain enough stem cells for 
research purposes through donation and expan-
sion in culture, but when it comes to global com-
mercialisation, the fact that the cells are difficult 
and expensive to make in large quantities is a 
major barrier. At the end of the day, if efficacy and 
safety are demonstrated but the product cannot be 
manufactured in sufficient quantities to treat 

patients in need, it is not a product at all: it is just 
an interesting piece of biology.  

Cell-based medicines will be a major force in 
future medical treatments, but the challenge is 
making enough of them, economically and consis-
tently. Besides the need to be able to meet demand, 
a cardinal requirement of product manufacturing, 
is making the product exactly the same every time 
to ensure a consistent response from patients.  

 
Groundbreaking clinical trials for MSCs  
In recent years, clinical trials in humans have eval-
uated MSCs as a possible therapy for a very wide 
range of diseases including graft-versus-host dis-
ease (GvHD), lupus, cardiac disease, osteoarthritis, 
pulmonary disease, stroke and lumbar degenera-
tive disc disease. While some of these studies have 
shown promise, a consistent challenge remains in 
manufacturing sufficient quantities of product 
without reliance upon multiple tissue donors. 

In 2016, Australian biotech company Cynata 
Therapeutics started blazing the trail for the study 
of iPSC-derived MSC therapies when the company 
received approval to launch the world’s first clini-
cal trial of an allogeneic iPSC-derived MSC (CYP-
001) for steroid-resistant acute graft-versus-host 
disease (GvHD). iPSCs are derived from mature 
cells such as skin or blood cells and reprogrammed 
back into an embryonic-like, pluripotent state. A 
pluripotent stem cell is the most versatile one – it 
can replicate itself indefinitely and differentiate 
into any other type of cell in the body. This pro-
vides a unique solution to the challenges associated 
with conventional manufacturing approaches 
which depend on a constant supply of new donors 
and the inherent product inconsistency that comes 
with sourcing starting materials from different 
donors. 

Since an iPSC-derived MSC cell therapy product 
had never been tested in a human clinical trial 
before, the global medical and scientific communi-
ty eagerly awaited the outcome. The results of the 
Phase I trial showed compelling efficacy data for 
treating GvHD and also no treatment-related 
adverse effects. The positive outcome of this trial 
provides a sound foundation to proceed to further 
clinical studies investigating the safety and efficacy 
of iPSC-derived MSCs in GvHD and also other 
potential diseases. 

Fujifilm now has an exclusive licence to develop 
CYP-001 for GvHD and expects to launch a Phase 
II trial of the therapy before the end of 2020.  

In 2020, Cynata expects to launch one of the 
largest MSC therapy clinical trials to date. 
Researchers will enroll 448 patients in a Phase II 
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trial that will evaluate the company’s Cymerus™ 
iPSC-derived MSC platform for treating 
osteoarthritis. The trial will assess the effect of 
Cymerus on clinical outcomes and knee joint struc-
ture for osteoarthritis patients over a two-year 
period8.  

If MSCs can cause a joint damaged by 
osteoarthritis to repair itself or slow down the pro-
cess of joint degeneration, it can potentially delay 
further intervention or prevent the use of anal-
gesics or surgery. If the joint is treated early in the 
course of the disease, it is possible to stop the cycle 
of pain, exacerbation and destruction.  

 
Proven effectiveness of MSCs  
A recent review of MSC therapies published in Cell 
Death & Disease cites the potential for MSCs to 
treat cardiovascular disease: “In the cardiovascular 
system, MSCs can protect the myocardium by 
reducing the level of inflammation, promoting the 
differentiation of myocardial cells around infarct 
areas and angiogenesis, increasing apoptosis resis-
tance and inhibiting fibrosis, which are ideal qual-
ities for cardiovascular repair”10. 

In Therapeutic Delivery, a review of recent clin-
ical studies listed diseases for which MSCs are 
being evaluated: “These clinical trials employ 
MSCs for a multitude of different purposes in dif-
ferent disease states, including tissue replacement 
in musculoskeletal, cardiac and liver diseases, and 
as immunomodulatory cells to mitigate graft-ver-
sus-host disease, organ transplant rejection and 
autoimmune disorders”11. 

These and many other published studies under-
score the growing need to establish a robust, con-
sistent and commercially-viable manufacturing 
solution beyond the traditional reliance upon mul-
tiple-donor-derived material. 

 
MSCs in the battle against COVID-19 
Recent research has shown MSCs to be a useful 
adjunct for treating patients with serious, ongoing 
complications due to COVID-19 infection. MSCs 
are not inherently antiviral and they do not act as 
vaccines, but they appear to support patient recov-
ery, particularly from complications involving the 
lungs. 

In COVID-19, inflammatory cells can release a 
large quantity of cytokines – a ‘cytokine storm’ – 
an overreaction of the immune system. When this 
occurs, the immune system is unable to modulate 
the response following the initial defensive reaction 
against the virus. Inflammation caused by the 
immune system continues unchecked and the lungs 
flood with fluid, making it difficult to breathe. 

Eventually, a prolonged cytokine storm will shut 
down breathing completely. 

MSCs used in patients affected by a cytokine 
storm may balance the immune response to stop 
the overreaction without switching it off complete-
ly, so the immune system can continue to fight the 
COVID-19 infection. In recent months, Beijing 
302 Military Hospital of China and Zhongnan 
Hospital of Wuhan University conducted trials to 
assess safety and efficacy of MSC therapy in 
patients infected with COVID-19 who acquired 
pneumonia, a life-threatening consequence of the 
infection.  

Acute respiratory distress syndrome (ARDS), an 
inflammatory process that causes a build-up of 
fluid in the lungs and respiratory failure, has been 
observed in patients who have COVID-19. Several 
published studies show that MSCs could be effec-
tive in treating ARDS caused by infection, trauma 
or sepsis and this has prompted the initiation of a 
number of clinical trials of MSCs in COVID-19 in 
the US and elsewhere. Cynata recently published 
positive preclinical results about the utility of 
Cymerus MSCs as a treatment for ARDS and plans 
to commence a trial in COVID-19 patients.  

Cynata has shown that its Cymerus MSCs are 
highly potent in addressing many pathologies asso-
ciated with lung diseases, pneumonia-induced sep-
sis, as well as cytokine release syndrome (CRS), a 
systemic inflammatory response that can be trig-
gered by a variety of factors, including infections 
and certain drugs.  

 
A manufacturing challenge  
There are different approaches to manufacturing 
MSC-based therapies but all first-generation com-
panies rely on donor-derived stem cells, which 
requires many donors. However, it is challenging 
for the requirement for consistency to be met if the 
stem cell donor is different each time.  

One approach, employed by Cynata, is to create 
MSCs that are derived from induced pluripotent 
stem cells (iPSCs). The unique manufacturing solu-
tion does not require multiple donors. An original 
blood donation from a single donor was all that 
was required to initiate the process, obviating the 
requirement to continuously find and screen new 
donors.  

Through the cost-effective Cymerus manufactur-
ing approach, MSCs can be produced in uniform 
batches in essentially limitless quantities with sus-
tained potency. Consequently, the technology 
addresses a critical shortcoming in the production 
of MSCs for therapeutic use, which is the ability to 
achieve economic manufacture at commercial scale 
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without requiring multiple donors or excessive cul-
ture expansion of the derived MSCs. This opens up 
a wide range of therapeutic and manufacturing 
possibilities. 

Other developers of MSC products have recog-
nised the challenges inherent in manufacturing a liv-
ing drug for eventual commercialisation and have 
sought processes that might improve the scalability 
of cell culture processes. Most of these centre 
around developments in three-dimensional (3D) 
bioreactor technology. For example, both Mesoblast 
and Pluristem utilise bioreactor systems to manufac-
ture their allogeneic MSCs derived from bone mar-
row and from placental tissue donations, respective-
ly. These manufacturing processes seek to enable 
commercial scale production. Manufacturing scale-
up is a major focus in order to meet projected com-
mercial demands and reduce costs. 

 
Promising partnerships 
Because cell-based therapies have enormous busi-
ness potential, biopharma companies are forging 
scientific and business partnerships that will assist 
in moving these new technologies forward.  

Fujifilm has grown its capabilities in cell thera-
pies and has made regenerative medicine a main 
part of its healthcare mission. Cynata licensed 
CYP-001 to Fujifilm following the successful com-
pletion of the Phase I clinical trial in GvHD, where 
all safety and efficacy endpoints were achieved. 

Regeneus Ltd teamed with AGC Asahi Glass, a 
manufacturer of glass, chemicals, high-tech materi-
als and biopharmaceuticals, for the manufacture 
and commercialisation of Regeneus’ Progenza, a 
patented, off-the-shelf stem cell technology plat-
form for osteoarthritis and other therapeutic appli-
cations for the Japanese market. 

Mesoblast Limited partnered with Tasly 
Pharmaceutical Group to develop Mesoblast’s allo-
geneic mesenchymal precursor cell (MPC) product 
candidates MPC-150-IM for treating and prevent-
ing chronic heart failure and MPC-25-IC for treat-
ing heart attacks.  

Astellas Pharma, Inc joined forces with Ocata 
Therapeutics, Inc to develop cell-based therapies 
that address the unmet medical needs of patients 
suffering from severe ophthalmic diseases.  

Takeda and TiGenix entered into an agreement 
for development of Cx601, the leading investiga-
tional therapy in TiGenix’s pipeline. Cx601 is a 
suspension of allogeneic expanded adipose-derived 
stem cells (eASC) for treating complex perianal fis-
tulas in patients with non-active/mildly active lumi-
nal Crohn’s disease. Takeda subsequently acquired 
TiGenix. 

A daunting challenge: getting  
MSCs to market 
Research demonstrating the safety and efficacy of 
MSCs has raised great interest in their eventual 
therapeutic potential. The unique and potent prop-
erties of MSCs offer great promise as targeted ther-
apies that enhance the body’s own processes to 
fight a variety of diseases, from osteoarthritis to 
autoimmunity to cardiovascular diseases to the 
recent ravages of COVID-19.  

But manufacturing roadblocks have historically 
been a major challenge for companies developing 
cell-based therapies. When an MSC is taken from a 
single donor, it is exceedingly difficult to upscale 
production and derive a commercially-viable, 
robust and consistent manufacturing process.  

The current reliance on multiple donors and 
massive expansion in culture of the derived cells 
leads to quality inconsistency and variability in the 
overall yield of the final cell product. Moreover, 
conventional donor-based processes result in long 
process times and high costs that restrict scalability 
and broad applicability across indications.  

New technology, however, that allows efficient, 
cost-effective production of MSCs is emerging. 
This groundbreaking approach is enabling the cre-
ation of cell-based therapies at scale, cost-effective-
ly, and with consistent quality and enduring poten-
cy. As innovative technologies overcome the inher-
ent challenges of first-generation manufacturing 
methods, MSCs are on track to potentially become 
widely available for therapeutic use to help 
patients around the world.                            DDW 
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