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Developing stem cell therapies: 
expansion strategies and 
lessons learned
Catherine Siler, Shirley Mei & Josée Champagne

The field of mesenchymal stromal cell therapy for critically ill patients has been evolving 
rapidly. In this article, Corning Field Applications Scientist Catherine Siler will present tools 
and process design strategies for achieving consistent and efficient expansion of therapeu-
tic cells, including scale-up and scale-out options and closed system designs. Then, Ottawa 
Hospital Research Institute scientists Shirley Mei and Josée Champagne will put the tech-
nology in context by discussing how their team translated a mesenchymal stromal therapy 
manufacturing process from the preclinical laboratory to a GMP setting. 
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EXPANSION OF 
MESENCHYMAL 
STROMAL CELLS: 
TECHNICAL 
CHALLENGES & 
SOLUTIONS

Catherine Siler

Mesenchymal stem/stromal 
cells (MSCs) present an at-
tractive target for cell thera-
pies for several reasons, not 

least that they can be derived 
from multiple tissues, includ-
ing adult adipose tissue and 
bone marrow, and newborn 
umbilical cord (Figure 1). 

Challenges in MSC 
culture
As seen in (Figure 1), MSCs 
can be derived from a vari-
ety of sources, some more 
readily available than others. 

MSCs derived from differ-
ent sources may behave dif-
ferently in culture and, like 
any patient-derived material, 
there may also be differences 
between donors. All of this 
must be considered when de-
signing a culture process.

It is also important to con-
sider the medium used. Tra-
ditionally, MSC culture me-
dium would include either 
a serum component or, for 
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those looking to stay xeno-free, human plate-
let lysate. Although both of those support 
robust culture, applications that are geared 
towards human therapeutics might ultimate-
ly steer away from any type of serum compo-
nent. For those in a clinically oriented setting, 
there are several types of media available that 
are chemically defined, and therapeutic devel-
opers must test and choose the variety that 
best supports their culture goals.

Although MSCs grow well in adherent 
culture, it is important that they retain their 
phenotype and potency while in culture. For 
new processes, researchers may want to assess 
identity using some of the markers previously 
mentioned.

Perhaps the greatest challenge that MSCs 
present is the significant number of cells re-
quired to achieve therapeutic effects in vivo 
– up to 2 million cells per kilogram of body 

weight, adding up to hundreds of millions of 
cells for an adult patient. This requires a large 
number of vessels and could put pressure on 
the staffing or space in a facility. Hence, it’s 
critical to have a robust scale-up plan. 

Manufacturing at scale

The first consideration in developing a seed 
train is what will keep the cells growing and 
functioning optimally. Some users may want to 
achieve a greater confluence before passaging, 
while others might want to prevent them from 
getting to a certain percentage confluence.

With that in mind, the starting material or 
cell bank is an important factor. MSCs can be-
come senescent over time, and it is important 
to harvest their capabilities before their growth 
slows down, so population doublings are an 

 f FIGURE 1
MSC overview.
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important factor. It is also valuable to consider 
how many passages the cells will experience in 
the scale-up process because this has implica-
tions for both cell health and process efficiency.

Whatever the next step in vessel size or 
type, it is important to consider the consis-
tency of the culture environment, including 
the ratio of media to surface area and the 
treatment of the surface the cells are growing 
on. Because the chemical structure of an un-
treated polystyrene is oily and very hydropho-
bic, many Corning® vessels feature the Cell-
BIND® surface. The CellBIND treatment 
makes polystyrene more hydrophilic by the 
addition of oxygen-containing groups like 
hydroxyls, carboxyls, and carbonyls (Figure 2).

Scale-up or scale-out?

A final consideration for the seed train is the 
space in which a given process will occur, and 

therefore whether to scale out or scale up. 
Scale-out models add vessels of a similar size 
or type, whereas scale-up models introduce a 
larger vessel, which may be of a different type 
(Figure 3). 

Technology for scale

Corning has a wide range of cell culture ves-
sels for scale up or scale out, which can be 
seen in (Figure 4).

To demonstrate the advantages of the 
technology, HYPER vessels were employed 
in a seed train, which was designed with 
the goals of rapid expansion, a consistent 
cell culture surface, and minimal scale-up 
steps. Umbilical cord-derived MSCs were 
taken from thaw and cultured in a T-175 
flask until they reached 90% confluence. Af-
ter passaging, the cells were expanded into 
a HYPERFlask at a density of 3,000 cells 

 f FIGURE 2
Corning CellBIND surface facilitates cell attachment.
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per cm2 and after 5 days were passaged into 
a HYPERStack 36-layer vessel, with 18,000 
cm2 of growth area.

The HYPERStack is a closed system vessel 
that allows users to transfer liquids more safe-
ly and can ultimately be used in GMP pro-
duction. For clinical material, risk mitigation 
is critical, and closed systems play an import-
ant role in that process.

A surface area comparison can be seen in 
Table 1.

Over 60,000 cells per cm2 were recovered 
after five days of culture in the HYPERStack 
vessel. The average of three studies results in 

a total MSC yield of over 8.7 x 108 cells per 
HYPERStack-36, with consistent viability at 
90%. Of note, the marker expression at the 
end of the process was consistent with the 
starting material and fits the criteria put forth 
by the International Society for Cellular Gene 
Therapy, with greater than 95% expression of 
CD105, 73, and 90, and no expression of 
typical hematopoietic markers.

Moving into larger scales of 10 billion 
cells or more, HYPERStack can be used in 
larger scale-out models such as those us-
ing manifolds and automated manipula-
tors. At manufacturing scale, Corning offers 

 f FIGURE 3
Pros and cons of scale up versus scale out.

 f FIGURE 4
Cell culture vessels from Corning.
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bioreactor-related platforms such as micro-
carriers and the CellCube® system (Figure 5).

CLINICAL PERSPECTIVES: 
DEVELOPING A CELL THERAPY 
FOR SEPTIC SHOCK

Shirley Mei &  
Josée Champagne

Septic shock is a devastating illness. It is char-
acterized by a highly dysregulated immune re-
sponse, with cardiovascular collapse and organ 
failure. Despite early identification, aggressive 
resuscitation, and administration of antibiot-
ics, patients still suffer a mortality rate of 20 – 
40%. Those fortunate enough to survive face 
long-term morbidity associated with physical, 
cognitive, and emotional dysfunction.

From a healthcare system perspective, sep-
sis costs more than 4 billion dollars per year 

to treat and, despite decades of research, no 
targeted therapeutic agent for septic shock 
has improved clinical outcomes. Given the 
significant preclinical evidence, MSCs are be-
lieved to represent an exciting potential thera-
peutic option for this patient population.

In contrast to chronic diseases, acute and 
severe conditions such as septic shock require 
rapid intervention after disease is identified 
and this intervention must exert a therapeutic 
effect within hours of administration. Here, 
we discuss our progress in developing a MSC 
therapy for septic shock and how our manu-
facturing process evolved to meet the need for 
an off-the-shelf product. 

Phase 1 trial: CISS1
After numerous promising preclinical studies 
by our own and other groups, the Regener-
ative Medicine Program at Ottawa Hospi-
tal Research Institute (OHRI) took on the 

  f TABLE 1
Surface area comparison for different vessel types

Vessel Surface area Equivalently sized vessel Increased surface area 
Corning® HYPERflask® 1720 cm2 T-175 10×
Corning® HYPERstack® -36 18,000 cm2 Corning CellSTACK® -10 3×

 f FIGURE 5
Expansion processes considerations for scaling up and scaling out mesenchymal stromal cells.
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challenge of developing a MSC product for 
testing in a septic shock clinical trial. Our 
Phase 1 trial, Cellular Immunotherapy for 
Septic Shock (CISS1), led by Dr Lauralyn 
McIntyre, was the first in the world to evalu-
ate MSCs in septic shock patients.

The Phase 1, open-label, single-center 
dose-escalation trial used freshly cultured, 
allogeneic bone marrow-derived MSCs. The 
product was delivered as a single IV fusion 
to patients with septic shock, to examine the 
safety and tolerability of MSCs in this popu-
lation setting.

Our secondary outcomes included the se-
rial collection of biomarkers of inflammation 
over time and feasibility related to the oper-
ations and conduct of an MSC trial in this 
patient population.

Manufacturing

During the manufacturing development pro-
cess, one of the biggest challenges initially for 
the team was on how to scale up from the 
small number of cells typically used in animal 
experiments to the large number of cells re-
quired to dose a patient.

We adopted a simple strategy, using a 
10-layer Corning HYPERFlask. HYPERFlask 
vessels have around ten times the surface area 
of a similarly sized T175 flask and we found 
it can produce a proportional increase of cell 
yield. In addition, the similar size of a HY-
PERFlask to a standard T175 flask made the 
technology transfer process relatively simple 
when scaling up to the manufacturing facility.

(Figure 6) shows how the MSC product was 
manufactured for the Phase 1 clinical trial. 

A master cell bank (MCB) was derived by 
seeding bone marrow aspirate from a healthy 
donor and the cells were further expanded to 
derive vials of MCB. The release specification 
for the MCB used in the CISS1 trial included 
but were not limited to cell counts, viability 
by hemocytometer count, surface marker ex-
pression, endotoxin, and sterility tests.

These MCB vials were subsequently used to 
seed a new set of HYPERFlask vessels week-
ly to allow a continuous supply of fresh cells. 

This strategy meant that the manufacturing 
facility need to harvest the cells on demand 
and deliver them to the ICU within a short 
time of an eligible patient being enrolled.

Given the very short time window to have 
the product ready to treat a patient, the re-
lease specification for the fresh MSC product 
used in the Phase 1 CISS trial included e a 
visual assessment for the appearance of MSC 
morphology, Trypan Blue count to confirm 
cell dose and concentration, and endotoxin 
level checks.

Trial design and results

Eligible septic patients were enrolled within 
24 hours of first admission to the ICU. A 
control group of 21 participants who met the 
same eligibility criteria but did not receive 
MSCs was prospectively enrolled in advance 
of initiating the MSC interventional arm of 
the trial, to characterize the incidents of ex-
pected adverse events and serve as a compara-
tor for the interventional group.

In the MSC interventional group, there 
were three separate MSC dose cohorts, with 
three participants per cohort, who received 
doses of 0.3, 1, or 3 x 106 cells per kg, to a 
maximum of 300 million MSCs.

Serial plasma samples were collected at var-
ious time points. Participants were monitored 
for MSC transfusion-associated events and 
serious unexpected adverse events for 1-year 
post-MSC transfusion. An independent data 
safety monitoring board (DSMB) reviewed 
the data following each cohort.

In conclusion, the Phase 1 trial determined 
that MSC doses of up to 3 million cells per 
kilogram appear safe, and that it was feasible 
to use MSCs in adult septic shock patients. 
We are now moving on to a much larger 
Phase 2, pan-Canadian, randomized, place-
bo-controlled trial [1].

Phase 2 trial: CISS2

The CISS1 trial showed that delivering 
freshly cultured cell products to septic 
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patients, while possible, is difficult and can 
be costly. In particular, the use of fresh cell 
product could present challenges for hos-
pitals without an established cell manufac-
turing facility within or nearby. The goal of 
our teams is to have the product ready to 
be administered at very short notice and it 
was clear that an off-the-shelf MSC prod-
uct was needed to achieve that. Ahead of 
the Phase 2 trial, we started working on de-
veloping a process to cryopreserve the final 
cell product, so that it can be stored before 
administration. 

Manufacturing

Further studies were required to confirm the 
comparability of fresh versus frozen cells, 
which will be used for the larger Phase 2 trial 
[2]. We compared cell recovery, viability, cell 
identity, and potency in vitro. Both exhibit-
ed similar surface marker profiles, viabilities, 
and in vitro potency. We then compared the 
potency of fresh and frozen products in an 
animal model of sepsis and found that both 
products were equally effective in recovering 
and even improving the phagocytic ability of 
the peritoneal lavage cells from septic mice 
(Figure 7).

Taken together, these studies showed that 
the frozen product maintained good cell vi-
ability after cryopreservation and thawing, 

with similar functionality and potency to 
freshly harvested MSC.

Animal toxicology studies with the frozen 
MSC product also demonstrated comparabil-
ity with fresh cells and showed no MSC-in-
fusion-associated changes, no changes in 
kidney and liver function clinical chemistry 
parameters, no changes in body weight, and 
no changes in the histopathology of organ 
weight. Biodistribution studies found no 
trace of human genomic sequence at 60 days 
after the product infusion.

Trial design

The primary aim of the Phase 2 random-
ized, controlled trial (RCT) is to determine 
whether a single IV infusion of 300 million 
cryopreserved MSCs (the highest MSC dose 
from our CISS Phase 1 trial) reduces organ 
failures compared with placebo, in 122 pa-
tients across ten academic centers in Canada.

The frequency of adverse events and se-
rious adverse events will be reported, and 
blood will be drawn for inflammation mark-
ers at baseline 12, 24, 72 hours, and 7 days 
post-infusion. The DSMB will be convened 
during the trial to review adverse events and/
or clinical endpoints, and a priori adverse 
events.

Recently, the clinical trial protocol has 
been updated and reviewed by our executive 

 f FIGURE 6
Fresh MSC product manufacturing for Phase 1 CISS clinical trial. 

Created by Yuan Tan via BioRender.com.
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committee, composed of multiple investiga-
tors across Canada, with the hope of submit-
ting to Health Canada in January 2022, and 
we anticipate enrolling our first participant in 
Spring 2022.

Lessons learned from the 
translational process

When translating a promising lab research 
product from animal studies into human tri-
als, think early and carefully about the prod-
uct you want to use for your trial. Areas for 
consideration include:

 f Logistics, including cold chain 
transportation, storage and transport. 

 f Type of patient population (acute vs 
chronic).

 f Is the production process scalable beyond 
Phase 1 and possible to commercialize?

 f Technology transfer: is your process 
transferable to a CDMO manufacturing 
facility?

 f Cost of Goods: identify cost-saving 
opportunities during manufacturing 
process development, such as reducing 
media reagent, or developing a process 
with higher cell yield.

 f FIGURE 7
Fresh and frozen MSC potency in vivo. 

Mice were randomized to CLP (cecal-ligation-and-puncture, sick 
animal) procedure to induce sepsis or sham operation (normal 
animal). Either fresh or frozen MSC were administered to septic 
mice at 6 hours after. At 24 hours, peritoneal CD11 expressing cells 
were recovered from each animal, and tested for their ability to 
phagocytose bacteria. Black: Healthy (sham animal), untreated. Gray: 
Septic, untreated. White: Septic, treated with fresh MSCs. Blue: 
Septic, treated with frozen MSCs. Reproduced from [2]. 
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ASK THE EXPERTS

Charlotte Barker, Editor, BioInsights, speaks to (from left to right) 
Catherine Siler, Field Applications Scientist, Corning Life Sciences,  
Josée Champagne, Senior Research Associate, Ottawa Hospital Research 
Institute, and Shirley Mei, Investigator, Ottawa Hospital Research Institute.

 Q What do you see as the main advantages of using MSCs in cell 
therapy?

SM: The main advantage is that MSCs have been considered almost as a type 
of universal donor cell. Many cell therapies need the donor and recipient to be matched, but 
numerous clinical trials in various patient groups have not reported evidence of rejection with 
MSC cell therapy. 

CS: The thing that fascinates me about MSCs is that many of the sources are 
fairly accessible. For example, adipose tissue is removed from people undergoing liposuction 
every day, and it is great to think that it can be used to create therapies when it would otherwise 
be discarded.

Then there are the various applications that it can be geared towards – areas like graft versus 
host disease, where there are few existing treatment options.

 Q What are some of the safety considerations when designing an 
early-phase trial?

JC: We started by carrying out systematic reviews of preclinical and clinical stud-
ies to help identify (a) what type of a priori adverse events we could build into the 
trial protocol and (b) lessons learned from groups that have previously done similar 
work. 
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When designing the protocol, Dr McIntyre, along with the Canadian Critical Care Trials Group 
(CCCTG), were particularly mindful that adverse events in ICU-admitted septic shock patients 
occur daily; and it is very difficult to attribute causality. Instead, the protocol was designed to home 
in on (and define) what types of adverse events would be reportable. Furthermore, we also includ-
ed stopping rules around the time of infusion that would, if required, pause recruitment until the 
data safety monitoring board (DSMB) had a chance to review. The protocol was also designed to 
allow for a DSMB review after each dose cohort before proceeding to the next dose. Prior to sub-
mitting the protocol for Health Canada review, we engaged the regulator early to ensure that our 
approach to safety was acceptable to them, especially for the first-in-human trial. 

 Q How do I translate my research workflow into a GMP-grade 
manufacturing process? What would be your key tips?

CS: One of the biggest transitions is the implementation of closed systems. 
Whether it’s something that you plan to continue doing in-house or outsource to a CDMO, 
implementing some type of closed system is always part of the conversation. Every process 
and every facility will probably have slightly different preferences in terms of what they want 
that closed system to look like. There’s really no one-size-fits-all, so we spend a lot of our time 
talking to customers to help them tailor a process to suit their goals.

 Q What are the typical challenges and gaps that emerge when you’re 
having those detailed conversations?

CS: What works for you at the bench scale might not work for you once you get 
to manufacturing. You can implement a closed system at the bench scale, but those steps 
might not make sense at manufacturing scale, in terms of the facility or the employee resources, 
so it’s important to plan ahead.

In addition, we have a lot of discussions around making sure that everything works together. 
It’s not unusual that some components come from one vendor, some come from another, and 
all those pieces need to sit together.

 Q What trends are you seeing in MSC research at the moment?

CS: One thing I’ve seen recently is that people are looking not only at MSC prod-
ucts, but MSC-derived products, for example, extracellular vesicles, which could po-
tentially raise fewer immune concerns. I’ve definitely had a lot of conversations recently 
about acellular therapies.

 Q How many passages of the master cell bank post-thaw can the 
process accommodate? 
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SM: It depends on the type of MSC (donor source, method of derivation) and 
how many passages you have processed before you bank it into the master cell 
bank. In our case, we don’t see much senescence in our MSCs until well beyond passage 7, so 
we keep our passages to 2 or 3, and the population doubling number relatively low. Ultimately, 
it’s up to individual researchers to understand your product. 

 Q How steep is the learning curve associated with a different scale-
up technology?

CS: Moving from a smaller to a larger vessel in the same footprint, for example 
moving from T175s to CellSTACK®, is a quick way to get up to scale. Moving from 
an open to a closed system, like HYPERStack, that may be unfamiliar to users, will have a 
steeper learning curve. The steepest learning curve and the most process development time 
comes when you are implementing a bioreactor. For example, getting the cells to stick to a mi-
crocarrier, determining agitation conditions, and learning to work with whatever your chosen 
bioreactor platform is. The more advanced the technology, the more process development time 
is required but the benefits can also be significant. 

 Q How are MSCs extracted from donors safely, and how do you 
ensure the cells are healthy?

SM: As we’re doing allogeneic cell therapy, our cells are derived from bone 
marrow from healthy volunteer donors, not from patients themselves. We could give 
a whole seminar on how we pick our donors given the rigorous donor screening requirement – 
there is adventitious agent testing and a detailed review of the donor’s health history before we 
determine that they are suitable donors. We also carry out extensive testing of the master cell 
bank itself. The health of cells isolated can be determined not only by viability assessment but 
also through their potency and cell population doubling time.

 Q Is there an active gas control on the HYPERStack or is it a passive 
diffusion through the vent filters on the top?

CS: The vent on the HYPERStack is there to facilitate liquid movement during 
emptying and filling. The tube leading to that vent filter is closed during culture. Otherwise, 
all of the gas exchange occurs passively through the sides of the vessel. No special gas setup is 
required – just a typical CO2 incubator.

 Q What is the maximum amount of time that MSCs can be kept frozen 
and remain viable once thawed?
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SM: Again, this is very product-specific, because cells may behave differently 
depending on tissue source and isolation method. You need to have a matrix of parame-
ters to test your cells to know whether they are performing the same as fresh cells and confirm 
that you still feel comfortable using them.

For our cell product, we have stability data up to a year and for our master cell bank, we have 
5+ years of stability data.

 Q Which product performs better, the HYPERStack or bioreactors?

CS: Both will give you a lot of cells, so the decision really depends on your crite-
ria for success, your critical quality attributes, and your process parameters.

If you determine that certain process parameters like the pH or concentration of specific 
metabolites must be very exact, a bioreactor gives you a method to control those parameters. 
But other factors, like the cost of goods, capabilities of your facility, and staffing, all have to be 
factored in. It really is very dependent on the user and what is important to them.
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