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Future Cell and Gene Therapy
for Osteoarthritis (OA): Potential
for Using Mammalian Protein Production
Platforms, Irradiated and Transfected
Protein Packaging Cell Lines for Over-
Production of Therapeutic Proteins
and Growth Factors

Ali Mobasheri

Abstract

In this paper I provide a personal perspective
on future prospects for cell and gene therapy
for osteoarthritis (OA) and how mammalian
protein production platforms, virally trans-
fected and irradiated protein packaging cell
lines may be used as “cellular factories” for
over-production of therapeutic proteins and
growth factors, particularly in the context of
intra-articular regenerative therapies. I will
also speculate on future opportunities and
challenges in this area of research and how

new innovations in biotechnology will impact
on the field of cell and gene therapy for OA,
related osteoarticular disorders and the broader
discipline of regenerative medicine for muscu-
loskeletal disorders. Mammalian protein pro-
duction platforms are likely to have a
significant impact on synovial joint diseases
that are amenable to cell and gene therapy
using therapeutic proteins and growth factors.
Future cell and gene therapy for OA will need
to re-consider the current strategies that
employ primary, aged and senescent cells
with feeble regenerative properties and seri-
ously consider the use of mammalian protein
production platforms.
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Abbreviations

ADAMTS a disintegrin and metalloproteinase
with thrombospondin motifs

BMI body mass index
BMP-7 bone morphogenic protein
CHO Chinese hamster ovary
DMOAD disease-modifying osteoarthritis

drug
ECM extracellular matrix
EULAR European League Against

Rheumatism
FDA Food and Drug Administration
FGF-18 fibroblast growth factor 18
GDF-5 growth differentiation factor 5
GM-CSF granulocyte macrophage-colony

stimulating factor
GP-293 HEK 293-based retroviral packag-

ing cell line
HEK-293 human embryonic kidney 293 cell

line
IH intermittent hydrarthrosis
IL-1 β interleukin 1 β
IL-6 interleukin 6
iNOS inducible nitric oxide synthase
JSW joint space width
MCB Master Cell Bank
MMP matrix metalloproteinase
MRI magnetic resonance imaging
MSC mesenchymal stem cell
NO nitric oxide
NSAIDs non-steroidal anti-inflammatory

drugs
OA osteoarthritis
OARSI Osteoarthritis Research Society

International
PGE2 prostaglandin E2

PRP platelet rich plasma
R&D research and development
RA rheumatoid arthritis
RMDs rheumatic and musculoskeletal

diseases
ROS reactive oxygen species
SASP senescence-associated secretory

phenotype
SV-40 simian virus 40

TG-C TissueGene-C
TGF-β transforming growth factor β
TNF-α tumour necrosis factor α

1 Introduction

According to the European League Against Rheu-
matism (EULAR) there are more than 200 differ-
ent forms of rheumatic and musculoskeletal
diseases (RMDs). These diseases most commonly
affect synovial joints. Osteoarthritis (OA) is the
most common form of joint disorder with degen-
erative and inflammatory components (Martel-
Pelletier et al. 2016). As a disease of aging, it is
accountable for more disability in the elderly
population than all other musculoskeletal diseases
altogether across the developed and developing
countries (Christensen et al. 2009). Recent infor-
mation provided by the Osteoarthritis Research
Society International (OARSI) suggests that OA
is a serious disease, affecting 240 million people
worldwide and is twice as likely to affect women
than men over the age of 50. It is estimated that a
“tsunami” of new OA cases will hit countries with
a much larger ageing population in the developed
world by the year 2050, when 130 million people
will be suffering from OA worldwide and 40 mil-
lion will be severely disabled.

Despite the growing prevalence and burden of
OA there is no cure for this disease (Mobasheri
2013). In the absence of a cure, the only way to
reduce the societal burden attributed to OA is to
change gears and shift the approach to manage-
ment, and focus on developing long-term
strategies for prevention. The main treatments
for OA include lifestyle measures, such as
maintaining a healthy weight and exercising reg-
ularly, anti-inflammatory medication to reduce
inflammation and relieve pain and supportive
therapies to help make everyday activities easier.
Surgery may be considered to repair, strengthen
or replace components of damaged joints. How-
ever, when all other treatment options fail, joint
arthroplasty is the final solution.
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OA is also a cause of significant morbidity. It
limits daily life by reducing movement so that
25% of people affected cannot engage in normal
daily routines and activities. It affects the profes-
sional and personal lives of the people affected
and has adverse impacts on their partners,
families, friends, careers and society as a whole.
By reducing mobility OA significantly increases
the risk of cardiovascular disease (Kim et al.
2016), diabetes (Louati et al. 2015) and hyperten-
sion (Courties et al. 2015; Calders and Van
Ginckel 2017).1 OA contributes to depression
and anxiety in many patients (Sharma et al.
2016) and is a major cause of sleep disturbance
(Parmelee et al. 2015).

Signs and symptoms of OA include joint pain,
stiffness, tenderness, loss of flexibility, crepitus
and a grating sensation as the joint articulates.
The affected joints hurt during or after move-
ment.2 There may be inflammatory episodes and
flares that lead to soft tissue inflammation around
the joint and to joint effusion and swelling. The
accumulation of excess fluid in the synovial space
is known as intermittent hydrarthrosis (IH),
although this is less common in OA compared
to rheumatoid arthritis (RA). In later stages of the
disease bone spurs known as osteophytes can
form around the affected joint and these are seen
on plain radiographs.

2 The Hallmarks of Osteoarthritis

All major diseases are characterised by
“hallmarks”, which summarise the key biological
alterations that occur in that disease. For example,
cancer comprises six biological capabilities that
are gradually acquired during the multistep devel-
opment of human tumors (Hanahan and
Weinberg 2000; Hanahan and Weinberg 2011).
In the case of OA, there are many similarities with
the hallmarks of aging (López-Otín et al. 2013).

The hallmarks of aging include genomic instabil-
ity, telomere attrition, epigenetic alterations, loss
of proteostasis, deregulated nutrient-sensing,
mitochondrial dysfunction, cellular senescence,
stem cell exhaustion, and altered intercellular
communication. Many of the hallmarks of aging
are also seen in OA. However, for the sake of
simplicity, the gradual loss and degradation of
articular cartilage is the major hallmarks of OA
(Mobasheri and Batt 2016; Tonge et al. 2014).
This feature is particularly important as is a clini-
cal measure of disease progression when loss of
articular cartilage is measured on plain
radiographs over time as a reduction in joint
space width (JSW). For decades we have used
radiography as the “gold standard” to diagnose
OA and assess disease progression over time in
routine clinical practice and in clinical trials
(Hunter et al. 2015). However, by the time the
disease has been diagnosed using plain
radiographs, it has already progressed signifi-
cantly and there are suggestions that plain X-ray
radiography should no longer be considered a
surrogate outcome measure for longitudinal
assessment of cartilage in clinical trials of new
drugs and combination treatments for knee OA
(Guermazi et al. 2011). However, cartilage thick-
ness remains a key parameter that can determine
the efficacy of new regenerative treatments and
this will be discussed later in this article. In obese
and overweight OA patients cartilage degrades
even further and this is thought to occur through
a combination of biomechanical mechanisms due
to the excess weight and the pro-inflammatory
cytokines (adipokines) and leptin produced by
white adipose tissue (Francisco et al. 2018,
2019; Scotece and Mobasheri 2015).

3 Molecular Alterations in OA

The precise sequence of molecular events
involved in the pathogenesis of OA are not
clear. There is evidence that there are multiple
phenotypes of OA with underlying molecular
endotypes and these are likely to vary between
individuals (van Spil et al. 2019; Mobasheri et al.
2019). Therefore, OA is no longer regarded as a

1 https://www.arthritis.org/living-with-arthritis/
comorbidities/heart-disease/osteoarthritis-ups-cvd-risk.
php
2 https://www.mayoclinic.org/diseases-conditions/osteoar
thritis/symptoms-causes/syc-20351925
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homogeneous disease. It is a heterogeneous dis-
ease that can be stratified into different subsets
and subgroups (Driban et al. 2010), some of
which may overlap in older patients with multiple
co-morbidities, although all the different
pathways lead to cartilage erosion and loss of
joint function. In terms of disease initiation, it is
thought that there is a long and asymptomatic
“molecular phase”, which is followed many
years later by radiographic changes and the
appearance of symptoms (Kraus et al. 2015). In
addition to aging, obesity, gender and genetics,
inciting risk factors may include previous joint
trauma or repetitive injuries or the presence of
metabolic and endocrine disease (Fig. 1).

There are biomechanical (Englund 2010),
inflammatory (Berenbaum 2013) and metabolic
(Mobasheri et al. 2017) factors that have been
shown to play key roles in the initiation and
progression of the disease. We now know that
chondrocytes are not simply passive participants
and bystanders in disease progression.
Chondrocytes become progressively inflamma-
tory and activated in OA. The increased
pro-catabolic and pro-inflammatory factors in
OA reduce anabolic activity, alter cellular metab-
olism, and disturb the delicate balance between
extracellular matrix (ECM) synthesis and degra-
dation (Loeser 2011). Other joint tissues can con-
tribute to the loss of homeostasis and metabolic
regulation in the joint as well, since OA also
involves the synovial membrane (Siebuhr et al.

2016; Rahmati et al. 2016), subchondral bone
(Mahjoub et al. 2012) and peri-articular soft
tissues (Goldring and Goldring 2007). Figure 2
summarises the major molecular players involved
in the alterations that occur in the OA joint.

Synovitis appears to be a very common feature
in both the early and late phases of OA (Scanzello
and Goldring 2012), with infiltrating
macrophages, T cells and mast cells (de Lange-
Brokaar et al. 2012). Synovitis and the innate
inflammatory network (Liu-Bryan 2013)
expectedly play a key role in OA;
pro-inflammatory cytokines are most frequently
found in the inflamed synovium (de Lange-
Brokaar et al. 2012). Catabolic and
pro-inflammatory mediators such as cytokines,
reactive oxygen species (ROS), nitric oxide
(NO), prostaglandin E2 (PGE2) and
neuropeptides from the inflamed synovium, all
affect chondrocyte metabolism and matrix turn-
over in the cartilage (Sutton et al. 2009). Synovi-
tis leads to excess production of proteolytic
enzymes responsible for cartilage breakdown
(Sellam and Berenbaum 2010). On its turn, carti-
lage matrix catabolism releases molecules that
perpetuate synovial inflammation, creating a
vicious and self-perpetuating cycle (Sellam and
Berenbaum 2010). Inflammatory mediators from
chondrocytes and synoviocytes also drive oxida-
tive stress and inflict joint damage by releasing
ROS (Poulet and Beier 2016). Once activated by
stress such as pro-inflammatory cytokines,

Osteoarthritis

Age

Obesity

Gender

Previous
Joint
Injury

Genetics

Metabolic
Endocrine

Disease

Fig. 1 Risk factors for
osteoarthritis (OA)
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prostaglandins and ROS, the normally quiescent
articular chondrocytes become activated and
undergo a phenotypic shift through a phenome-
non recently described as “chondrosenescence”
and the development of a senescence-associated
secretory phenotype (SASP) (Salminen et al.
2012) leading to further disruption of homeostasis
and metabolism in cartilage (Mobasheri et al.
2015).

As mentioned earlier, at the present time, there
is no cure for OA. The existing treatments are
unsatisfactory, and only address the symptoms
(Zhang et al. 2016).3 There are no approved
drugs that prevent OA and there are no approved
drugs that impede the progression of the disease.4

In many cases of advanced OA joint surgery and
replacement is the only viable solution when joint
function has been irreversibly and permanently
compromised (Katz et al. 2010). Arthroplasty
can replace the knee or the hip, but it cannot

restore the original function of the joint
(Crawford and Murray 1997). OARSI treatment
guidelines propose that all OA patients should
receive up-to-date information and education to
enable them to self-manage their disease to some
extent (Zhang et al. 2008). All OA patients are
advised to manage their weight and lose weight if
they have a high body mass index (BMI), remain
active and exercise regularly (Bliddal et al. 2014).
All OA patients are advised to avoid a sedentary
lifestyle because joints need to move and articu-
late. Clinical evidence suggests that some OA
patients will benefit from drugs, but the currently
existing drugs (non-steroidal anti-inflammatory
drugs, NSAIDs) only address the symptoms of
pain and inflammation, and they do this unsatis-
factorily, with small effect sizes and significant
side effects and cardiovascular, gastrointestinal,
renal and hepatobiliary risks (Matthews and
Hunter 2011). Many OA patients remain dissatis-
fied with the currently approved pharmacological
interventions.5
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Fig. 2 Chondral, subchondral and synovial alterations in OA. Reproduced with permission from Mobasheri et al.,
(Chapter 3 – Cartilage and Chondrocytes, Kelley & Firestein’s Textbook of Rheumatology 11th Edition, in press)

3 https://www.arthritisresearchuk.org/arthritis-informa
tion/arthritis-today-magazine/156-spring-2012/osteoarthri
tis.aspx
4 https://www.bones.nih.gov/health-info/bone/osteoporo
sis/conditions-behaviors/osteoporosis-arthritis 5 https://www.ncbi.nlm.nih.gov/books/NBK333051/
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There is emerging evidence that some OA
patients benefit from joint injections, including
intra-articular steroids and viscosupplementation.
However, numerous and repeated steroid
injections are not recommended. Furthermore,
viscosupplementation does not work well for
every patient especially in advanced cases,
where significant joint degradation has already
occurred and there is bone-on-bone contact upon
weightbearing and joint mobilization (Martel-
Pelletier et al. 2016). Many pharmaceutical
companies that were active in the area of OA
drug development in the 1990’s exited this chal-
lenging disease area in the 2000’s because they
had exclusively focused on developing oral drugs
for inhibiting matrix degrading enzymes, but
these targets were too downstream and failed to
inhibit key upstream catabolic pathways and dis-
ease driving switches. The reduced Research and
Development (R&D) efficiency of pharmaceuti-
cal companies has made it necessary for them to
realign their R&D concepts and strategies
(Schuhmacher et al. 2016). The outcomes of the
clinical trials of matrix metalloproteases and
cathepsins were poor, because of adverse events
and fibrotic events. The pharmaceutical
companies involved learned a very important les-
son: targeting end-stage catabolic mediators is
unlikely to work as a strategy for curing OA.

So why is disease modification in OA so chal-
lenging? Why are existing treatments so futile?
Why has progress in OA drug development been
so slow compared to other arthritic and rheumatic
diseases? The answers to these questions are not
so straightforward. The problem is that patients
desire effective pain relief but the drug companies
are more ambitious, hoping for treatments that
address symptoms as well as improving structure.
Unfortunately, there are no such magic bullets in
the modern drug development arena. We know
that the development of symptom modifying OA
drug is now exploding with a plethora of pain
pathways being pursued and multiple candidates
are in advanced stages of clinical development.
However, structure modification in OA remains
extremely complex with significant development
challenges (Hellio Le Graverand-Gastineau

2009). To make progress, we do need to revisit
some basic concepts in physiology and patho-
physiology. We know that the balance between
anabolic and catabolic activity is disturbed in OA
and normal physiological turnover of joint tissues
in perturbed (Fig. 3). New drugs must address the
imbalance between catabolic and anabolic activ-
ity in order to halt disease progression. New
treatments must have the capacity to positively
influence cartilage metabolism.

The pharma companies that are still engaged in
this challenging arena have learned important and
useful lessons from the failures of previously
defeated players. Drug companies that remain
engaged with the OA challenge have accepted
that targeting inflammation and catabolic activity
is not enough. Greater efforts must be made to
stimulate anabolic activity and this is one of the
main reasons why current therapeutic strategies
are focusing on the development of cell and gene
therapy and recombinant anabolic growth factors.
There is significant ongoing effort in this area,
especially focusing on the improvement of autol-
ogous chondrocyte transplantation techniques,
the use of stem cells and the application of chon-
drocyte and stem cell-derived growth factors in
preclinical and translational models of OA. For
example, emerging regenerative therapies that
target OA joint tissues include injectable
biological such as mesenchymal stem cells
(MSCs) (Mobasheri et al. 2009, 2014;
Richardson et al. 2016), platelet rich plasma
(PRP), growth differentiation factor 5 (GDF5)
(Enochson et al. 2014), bone morphogenic pro-
tein 7 (BMP-7) (Chubinskaya et al. 2007; Funck-
Brentano et al. 2014), fibroblast growth factor
18 (FGF-18) (Gigout et al. 2017; Yu and Hunter
2016; Lohmander et al. 2014) or injectable small
molecules and drugs such as WNT signalling
pathway inhibitors (Lories et al. 2013; Stampella
et al. 2018) or even revisiting the classical
approaches to inhibiting extracellular matrix deg-
radation – by targeting catabolic enzymes using
matrix metalloproteinase (MMP) inhibitors and a
disintegrin and metalloproteinase with
thrombospondin motifs (ADAMTS) inhibitors
(Yang et al. 2017; Murphy 2017) (Fig. 4).
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Fig. 3 (a)
Loss of the
delicate
physiological balance
between anabolism and
catabolism in OA leads to
impaired cartilage
metabolism and disease
progression. (b) Effective
drugs can bring cartilage
metabolism back into
equilibrium and stop
disease progression

Agents for regulating cartilage
catabolism and anabolism
• MMP inhibitors
• ADAMTS inhibitors
• Growth factors
• Mesenchymal stem cells (MSCs)
• Platelet rich plasma (PRP)
• Cathepsin inhibitors
• Wnt signaling inhibitors

Agents for controlling joint inflammation
• Licofelone
• Celecoxib
• Inhibitors of pro-inflammatory cytokines (IL-

1β, TNF-α , IL-6)
• Inhibitors of inducible nitric oxide synthase

(iNOS)
• Granulocyte macrophage-colony stimulating

factor (GM-CSF) inhibitors

Agents for remodeling
subchondral bone
• Strontium ranelate
• Bisphosphonates

(Zoledronate, Risedronate)
• Calcitonin

Fig. 4 Therapeutic strategies for targeting synovial joint structure in OA. (Reproduced with permission from Huang
et al. 2017)
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One crucial quantum leap in the development
of new therapies for OA has been the realisation
and acceptance that the most ideal treatments
must target the affected joint through injection
rather than the oral route. Another important
advance has come from the field of rheumatology
and the treatment of RA: multiple joint injections
may be needed and a single joint injection is
unlikely to work, even if we have a magic bullet.
However, many of the key researchers in this field
are still stuck in silos and have yet to accept that
biological therapy, whether using autologous
chondrocytes and stem cells cannot be achieved
with primary tissue-derived native cells. Despite
progress and advancements in MSC biology and
the introduction of various bioactive scaffolds
and growth factors in preclinical studies, current
clinical trials are still at very early stages with
preliminary aims to evaluate safety, feasibility
and efficacy (Lee and Wang 2017) and this is
where we must focus our efforts. Clinical trials
of stem cell therapies and MSCs in particular
have yet to demonstrate efficacy and while we
anxiously wait for outcomes of several ongoing
stem cell trials in OA, there are a number of
companies that have innovated by focusing
efforts on developing treatments using mamma-
lian protein production platforms, including
transformed and modified cells, as well as
immortalized cells that were originally developed
as research tools and protein packaging cell lines
for over-production of target proteins. It is evi-
dent that the field of biotechnology has already
offered us powerful and versatile tools for the
over-production of therapeutic proteins but since
many OA researchers are still stuck in silos and
rarely speak to scientists in other fast-moving
disciplines, such as biotechnology, we are
unaware of the expanded and enhanced toolbox
that is at our disposal. We need to break down
these disciplinary barriers, open-up our minds and
accept that new therapeutic innovations in OA are
likely to come from other biological and biomed-
ical disciplines, including biotechnology, protein
engineering and immunology.

4 Mammalian Protein Production
Platforms

Mammalian protein production platforms are
indispensable cell factories that are used for
large-scale production of antibodies and therapeu-
tic proteins (Zucchelli et al. 2016). Expression of
antibodies and proteins in mammalian cells is a
key technology that is vitally important for many
functional studies on human and higher eukaryotic
genes. Mammalian cell expression systems allow
the production of proteins, especially of those of
clinical relevance and human origin (Aricescu and
Owens 2013). Over the last few decades these
platforms have evolved and had a profound impact
in many areas of basic and applied research, and an
increasing number of biological drugs are now
recombinant mammalian proteins made using
these tools (Bandaranayake and Almo 2014).
Recombinant proteins and a vast array of
antibodies are now produced in mammalian cell
lines instead of bacterial expression systems to
ensure that proper protein folding and post-
translational modifications, which are essential
for full biological activity, are properly introduced
in a eukaryotic and “mammalian” context.
Mammalian cell expression systems are the domi-
nant tools for producing complex biotherapeutic
proteins (Estes and Melville 2014). The most com-
monly used mammalian cell lines found in the
research and industrial therapeutic protein produc-
tion settings are Chinese hamster ovary cells
(CHO) (Omasa et al. 2010) and human embryonic
kidney 293 cells (HEK-293) (Dyson 2016).

Various mammalian and non-mammalian
expression systems are also being used for protein
and glycoprotein production and recent cellular
engineering strategies have been developed to
increase protein and glycoprotein productivity
(Lalonde and Durocher 2017). “Omics”
technologies are continually being used to
improve cellular expression systems and enhance
such platforms for therapeutic protein production.
Figure 5 summarises the expression systems used
for protein and glycoprotein production by
industry.
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Transient expression systems in mammalian
cells have also become the method of choice for
producing large quantities of antibodies (Vink
et al. 2014). By using a combination of simian
virus 40 (SV40) large T antigen, p21 and p27, it
has been possible to scale-up expression level of
antibodies, from 0.1 ml up to 1200 ml in
bioreactors (Vink et al. 2014). The ability to
scale-up allows biotechnology companies to pro-
duce sufficient quantities of therapeutic
antibodies and proteins for tests in preclinical
studies and early phase clinical trials.

5 Platforms for Over Production
of Recombinant Growth
Factors

If a pharmaceutical company or a biotechnology
company aims to make large quantities of a
growth factor capable of stimulating cartilage
matrix synthesis, it might be useful to have access
to mammalian cell models that truly mimic
chondrocytes, with phenotypic chondrocytic
properties. There are several chondrocyte-like
transformed cell-lines developed by Dr. Mary
Goldring. However, none of these cells have
been used in such a context. At present, there
are no cell-lines derived from cartilage or other
joint tissues that are truly comparable to CHO or

HEK-293 cells. Therefore, other cellular models
must be employed, including CHO, HEK-293
cells and their derivatives such as GP2-293.
These are immortalized cell lines that function
as “cellular factories” for over-production of
proteins. GP2-293 cells are specialised protein
packaging cells. These cells are specialised trans-
fection models, protein packaging tools and “cel-
lular factories” for over-production of target
human proteins and are promising candidates
for over-producing therapeutic proteins and
growth factors that native primary cells
(i.e. chondrocytes) or stem cells (i.e. MSCs) can-
not produce in sufficiently large quantities, either
in the short-term or in the long-term. Although
these cells cannot be used in their immortalized
form for the development of clinically relevant
cell therapies for OA, they can be irradiated to
obliterate their proliferation capacity so that they
remain protein packaging cellular factories, but
without the ability to proliferate. Elimination of
their proliferation through irradiation makes the
use of such cells feasible in cellular therapies for
OA, especially if the cells are to be injected into
the closed micro-environment of the synovial
joint, isolated from the circulatory system.
Irradiated cells will retain their capacity for pro-
tein over-production, but they cannot divide and
proliferate, which means that they will die shortly
after being injected into the joint.

Mammalian protein
expression platforms

Hamster cellsMouse cells Human cells

CHO BHKHEK-293 GP2-293SP2/0 NS0

Fig. 5 Expression systems
used for protein and
glycoprotein production by
biopharmaceutical
industries. (Adapted from
Lalonde and Durocher
2017)
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6 Case Study: Production
of Transforming Growth
Factor β1 (TGF-β1) by GP2-293
in the Kolon TissueGene
Cell and Gene Therapy
Product TG-C

In November 2018 Kolon TissueGene, Inc. based
in Rockville, MD, announced that it has treated its
first patient in the pivotal Phase III clinical trials of
TG-C (the product is known as TG-C in the United
States of America and as Invossa in South Korea),
a revolutionary cell and gene therapy for the treat-
ment of knee OA. TG-C is a unique first-in-class
cell and gene therapy targeting knee OA through a
single intra-articular injection of joint-derived
chondrocytes, irradiated GP2-293 cells and, most
importantly, the biological growth factors that they
overproduce to possibly promote anabolic repair
and regeneration in the diseased joint” as a future
possibility in the treatment for OA (Fig. 6).

The first dosing in November 2018 followed the
lifting of a clinical hold by the United States Food
and Drug Administration (FDA) in July 2018. The
phase III trials for US approval of TG-C were
expected to recruit over a thousand patients in
approximately 60 clinical sites across the United
States. This ambitious trial was hoping to assess
pain and physical function endpoints as well as
imaging outcomes, including magnetic resonance

imaging (MRI), radiographs and wet biochemical
markers in patients receiving TG-C treatment.

Clinical trials of this approach have
demonstrated some degree of pain relief, increased
mobility, as well as indicators of reduced OA
progression and improvements in joint structure,
function and reduced stiffness. The allogeneic
(off-the-shelf) drug consisting of cells and
biological growth factors could potentially provide
an alternative to traditional pharmacological OA
treatments, which are largely unsatisfactory, with
numerous undesired side-effects.

The ultimate aim is to achieve symptom and
structure modification to the extent that the knee
joint is preserved and surgery is delayed, for a
substantial period of time. Knee arthroplasty is
not for everyone, and is risky for some patients
and costly for healthcare providers.

Thus far, with the exception of weight loss and
exercise for overweight and obese individuals
with OA, there are no effective therapies that
can halt or delay the progression of OA and
minimize the need for multiple surgical
interventions.

7 DMOAD Status for TG-C

A Phase II clinical trial conducted by Kolon
TissueGene in the United States demonstrated a

Primary chondrocytes
derived from alleogenic
donor

Irradiated GP-293 cells
transduced with retroviral
vector over-expressing
TGF-β1

General Concept for TG-C Invossa

Fig. 6 The intra-articular injection concept for TG-C
Invossa, a novel cell and gene therapy targeting knee OA
through a single intra-articular injection of joint-derived

primary chondrocytes, irradiated GP2-293 that produce
TGF-β1, the biological growth factor that promotes
anabolic repair and regeneration
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two-year improvement of pain and function. The
company then sought to continue supporting
these efforts through its recently initiated national
Phase III clinical trial across the United States. In
addition, Kolon TissueGene has designed a trial
to seek a disease-modifying osteoarthritis drug
(DMOAD) designation for TG-C from the FDA,
potentially making TG-C the first cell and gene
therapy to receive such an elevated DMOAD
status.

8 Use of GP2-293 Cells in TG-C

The human GP2-293 cell line is one of the key
components of TG-C. These cells carry out the
vital function of over-producing the crucially
important growth factor TGF- β1. The GP2-293
cells have been used throughout the whole devel-
opmental process from the first production of the
Master Cell Bank (MCB) to the next step, which
is the development of the working cell bank and
the final product formulation. As mentioned ear-
lier, GP2-293 is a HEK 293-based retroviral
packaging cell line used for large-scale protein
production. It is a cellular platform for over-
production of therapeutically relevant human
proteins. This is the first time that such a human
protein production platform has been employed in
the context of OA treatment and cartilage regen-
eration. They are transformed with adenovirus
type 5 DNA and the cells were engineered to
express the MoMuLV Gag and Pol proteins.
Effectively these cells are a protein producing
tool and “cellular factory”. Native patient derived
chondrocytes simply do not have the capacity to
over-produce TGF-β1 in sufficiently high
quantities for cellular therapy and regenerative
applications.

9 Safety of GP2-293 Cells
in TG-C

Transduced and irradiated GP2-293 cells may be
transformed cells but since they have lost their
capacity for proliferation, they cannot proliferate.
Therefore, the GP2-293 cells in TG-C cannot

survive and proliferate in the joint. These cells
will simply carry out their transient function as
radiation inactivated transfection models, protein
packaging tools and “cellular factories” for over-
production of therapeutic TGF-β1. Therefore, the
cells cannot survive for more than a very short
period after being injected into the joint. The
Korean Food and Drug Administration and the
Ministry of Health in South Korea have stated
they are not concerned about the safety of
Invossa, the Korean version of TG-C, noting
that cells no longer survive 44 days after admin-
istration. Furthermore, no drug-related side
effects were identified from those subject to clini-
cal trials.6 After the cells carry out their TGF-β1
over-production duties, they will die and their
remains will be cleared by joint resident inflam-
matory macrophages through the process of
phagocytosis (Fig. 7).

The scientific basis for the use of mammalian
cell transfection models is clear in the develop-
ment of TG-C. There is a well-established litera-
ture on the use of HEK-293 cells as a transfection
model and cell culture model for protein produc-
tion. The efficacy and safety of HEK-293 cells
and their derivatives in regenerative medicine has
not been extensively reviewed but the prospects
for future use of transfection tools in regenerative
medicine and cell therapy is very positive, espe-
cially since native and untransformed cells do not
have the appropriate regenerative capacity.

10 Summary and Conclusions

Cell and gene therapy for OA is a thriving and
promising area of research and clinical develop-
ment. This is a technologically challenging area
but thanks to the innovations coming from the
field of biotechnology and advances in mamma-
lian protein production platforms, transfected and
irradiated protein packaging cell systems new
therapeutics can be developed and tested for
OA. These mammalian platforms may be used
as “cellular factories” for over-production of

6 http://www.businesskorea.co.kr/news/articleView.html?
idxno¼32318
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therapeutic proteins and growth factors, espe-
cially for intra-articular regenerative therapies. I
would speculate that in the near future we will see
many new innovations in this area, as we have
seen for other disease areas using similar biotech-
nology tools.

The painful fact is that native and primary cells
are unlikely to have the capacity for producing
sufficient quantities of growth factors for
stimulating cartilage repair. Mammalian cells
such as HEK-293 and their derivative GP2-293
counterparts have the capacity to transiently pro-
duce high quantities of many therapeutic growth
factors in addition to TGF-β1. If these cells are
irradiated, such as the GP2-293 in the TG-C
product, they will gradually die off in the joint
within a few days of performing their protein
over-production duties. So what happens to
these cells after they have died? The dead cells
and their debris will be cleared and destroyed by
joint macrophages.

I speculate that all future cellular and gene
therapy will require packaging cell lines and the
field of cell and gene therapy for OA will benefit
from a reality check regarding the poor regenera-
tive capacity of native and patient derived cells,
which are unlikely to work without a helping
hand from protein packaging mammalian cells.
Hopefully some of the future packaging cell tools
will be derived from chondrocytes and bone for
application in cartilage and bone regeneration.
However, in the meantime, we must continue to
use and refine existing cellular models while we
develop new cartilage-derived protein packaging

cells. Innovations in biotechnology will further
propel new therapeutic concepts and impact posi-
tively on the field of cell and gene therapy for OA,
related osteoarticular disorders and the broader
discipline of regenerative medicine for musculo-
skeletal disorders. Mammalian protein production
platforms are likely to have a significant and
positive impact on synovial joint diseases that
are amenable to cell and gene therapy using ther-
apeutic proteins and growth factors.
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