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Cell therapy for autoimmune disease 
 
 

The cell therapy field has been predominantly 
active in the oncology space and is enjoying 
bench-to-bedside clinical success. However, 
the cancer cell therapy space has become 
very crowded and drug developers are 
currently seeking to expand the field into 
autoimmunity, with biotech and 
pharmaceutical companies employing a 
variety of strategies to develop differentiated 
cellular therapies against autoimmune 
diseases that present a huge unmet need.  
 
It is canonically fundamental that the 
immune system recognises and responds to 
foreign pathogens, whilst remaining 
unresponsive to host tissues and self-antigens 
[1]. This immunological tolerance is based on 
regulatory mechanisms that counterbalance 
the effector immune system. In autoimmune 
diseases, this intricate balance is lost, 
resulting in cell and tissue destruction by self-
reactive cytotoxic T cells or autoantibodies, 
and the accompanying inflammatory process 
[2].  
 
There are over 80 known autoimmune 
diseases, the most common being psoriasis, 
type I diabetes (T1DM), and rheumatoid 
arthritis. Autoimmune diseases can be 
systemic such as systemic lupus 
erythematosus (SLE), or organ specific such 
as T1DM which mostly affects the pancreas. 
Over 4% of the world’s population suffers 
from one or more of these diseases [3]. 
 
EXISTING THERAPIES FOR AUTOIMMUNE 
DISEASES 

The majority of autoimmune diseases are 
chronic and there is no definitive cure. The 
complexity and heterogeneity of 
autoimmune diseases has greatly impeded 
the development of efficacious targeted 
treatments, as they are required to 
sufficiently purge the immune system of 
autoreactivity while maintaining the its 
functional side [4].  
 

Earlier treatment of autoimmune disorders 
focused on managing end-organ 
manifestations such as insulin replacement in 
diabetes and alleviating pain and 
inflammation in arthritis. The current 
standard of care includes non-steroidal anti-
inflammatory drugs (NSAIDs), 
glucocorticoids and disease-modifying anti-
rheumatic drugs (DMARDs). NSAIDs and 
glucocorticoids reduce inflammation and 
alleviate pain, while DMARDs are effective in 
reducing the damaging effect of the 
inflammatory autoimmune response [5].  
 
Newer, more targeted therapies aim to 
neutralise key proinflammatory cytokines, 
interfere with and inhibit the activation of 
lymphocytes, or enhance the pathways that 
suppress these cells. For example, abatacept 
(Orencia, Bristol Myers Squibb), a chimeric 
fusion protein CTLA-4-IgG1 is used for the 
treatment of rheumatoid arthritis and 
psoriasis, and acts as a co-stimulatory 
blockade that inhibits autoreactive T cell 
activation [6]. TNF inhibitors are the most 
widely used biologic therapy. Anti-TNF 
biologics such as Humira (AbbVie), Remicade 
(Pfizer), Enbrel (Pfizer) and Simponi (Janssen 
Biotech), have improved the management of 
autoimmune disorders [7]. However, a 
significant proportion of patients fail to 
respond to treatment. For example, a 
common mechanism implicated in loss of 
response is immunogenicity due to the 
formation of antibodies against TNFα 
antagonists [8]. The reasons for failure of 
immunosuppressive are often attributed to 
the metabolic or pharmacokinetic property of 
the drugs [9]. 
 
Even for those that do respond to treatment,  
drug-free remission or cure is rare, and most 
patients require life-long maintenance 
therapy. Over one third of rheumatoid 
arthritis patients fail to respond to 
conventional therapies, and 50% of those 
that do respond experience flare-ups if 
treatment is discontinued [10]. These 
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numbers are mirrored in other autoimmune 
diseases such as SLE and Crohn’s disease [11], 
[12]. Furthermore, immunosuppressants are 
associated with side effects such as nausea 
and vomiting and long-term use leaves 
patients susceptible to opportunistic 
infections and malignancies.  
 
There has been a push for the development 
of long-term therapies that re-establish 
stable immune tolerance, have low toxicity 
with few side effects, and reduce the burden 
of needing continuous medication. 
Importantly, there is a pressing need for 
therapeutic drugs that specifically target 
pathogenic cells whilst leaving the remainder 
of the immune system functioning normally. 
 
TOLEROGENIC CELL THERAPY 

Recent drugs in development are focusing on 
promoting the induction and expansion of 
cells known to confer immune tolerance. The 
mTOR inhibitor rapamycin, IL-10, low dose 
IL-2, tumour necrosis factor receptor 2 
(TNFR2) agonists or FMS-like tyrosine kinase 
3 ligand (FLT3L), have been explored. The 
mTOR inhibitor rapamycin has the ability to 
promote Treg cell proliferation and stimulate 
TCR-induced T cell anergy and deletion. This 
effect is enhanced with the administration of 
IL-10 [13], or FLT3L through selective 
expansion of plasmacytoid dendritic cells 
(DCs) [14]. Low-dose IL-2 administration is 
effective by selectively targeting the high 
CD25-expressing Tregs [15]. TNFR2 elicits 
strong anti-inflammatory effects and was 
shown to kill autoreactive CD8+ cells in T1DM  
[16]. Administration of disease-specific 
autoantigens or autoantigenic peptides as a 
vaccine against autoimmunity has been 
investigated to desensitise the autoimmune 
system and activate antigen-specific Tregs. In 
mouse models, tolerance to these antigens 
has been demonstrated across various 
autoimmune diseases [17]. However, due to 
the complexity of immune tolerance 
mechanisms that are not yet fully 
understood, translation to the clinic has been 
slow. The focus has therefore recently shifted 
to the administration of tolerogenic cells 
themselves. This has been made possible 

alongside advancements in cellular expansion 
and differentiation, and efficient manufacture 
of cellular therapies [18]. There are six main 
types of tolerogenic cell therapies currently in 
development. 
 
Mesenchymal stem/stromal cells (MSCs) 

MSCs are adult stem cells with multipotent 
differentiation capacity. Pre-clinical studies 
suggest they have strong anti-inflammatory 
properties as well as the ability to promote 
regeneration. MSCs have the ability to skew 
the tolerogenic profiles of effector cells such 
as suppressing CD4+ and CD8+ T 
lymphocytes and promoting their 
differentiation into regulatory T cells (Tregs); 
inhibiting differentiation of B-cells into 
plasma cells and directly impeding B-cell 
proliferation, differentiation and antibody 
production; as well as the activation and 
expansion of natural killer (NK) cells [19]. 
They carry out these activities by directly 
interacting with immune effector cells or 
through the induction of specific factors, such 
as indoleamine 2,3-dioxygenase, 
prostaglandin E2, transforming growth factor 
β (TGF-β), and IL-10, among others [20]. 
However, their action and properties strongly 
depend on the inflammatory milieu and 
disease setting. 
 
In addition to their regenerative and 
immunomodulatory properties, MSCs have 
the advantage of displaying low 
immunogenicity as they lack Class II MHC 
expression and costimulatory molecule 
expression such as CD40, CD80 and CD86, 
with an inability to stimulate T cell activation 
[21]. Their unique immunological profile 
allows for allogeneic transfer with minimal 
risk of rejection and presents the possibility of 
a cell bank system for widespread use from a 
limited number of donors.  
 
However, even though MSCs were identified 
50 years ago and have since been explored for 
the potential treatment of autoimmune 
disorders since the early 2000s, their 
translation to the clinic has been 
disappointing. One of the main challenges 
surrounding MSCs is their heterogeneity. The 
quality of the MSC product is largely 
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dependent on isolation and culture methods, 
as well as the age and medical history of the 
donor [22]. Isolating an effective population 
of MSCs from patients with certain 
inflammatory diseases, such as rheumatoid 
arthritis or diabetes has proven challenging 
and researchers suggest possible loss of 
therapeutic function by these cells [23]. 
Recent studies have furthermore disputed 
their ‘immune privilege’ as in vivo 
observations suggest that mismatched 
allogeneic MSCs do not persist in patients 
following infusion, and were shown to induce 
a humoral and cellular immune response in 
host mice [24], [25]. The popularity of MSCs 
has thus waned. 
 
Regulatory T (Treg) cells 

Treg cells play a central role in the 
maintenance of immune tolerance and are 
thus critical in the prevention of autoimmune 
diseases. They are a subset of CD4+ T cells 
expressing CD25 and transcription factor 
Forkhead Box P3 (FoxP3) that impede 
effector T cell function [17]. Treg cells can 
confer immune tolerance through the 
expression of anti-inflammatory mediators or 
cell-to-cell contact. Importantly, they can also 
act in an antigen non-specific manner 
through bystander suppression, whereby 
Treg cells propagate their suppressive 
properties to neighbouring cells [26]. This 
unique ability of Treg cells allows for 
targeting of inflamed and damaged tissue. 
Treg defects, in terms of decreased cell 
number and suppressive phenotype are 
known to be associated with autoimmune 
disorders [17]. Therefore, in order to restore 
immune tolerance, the administration of Treg 
cells has the potential to treat autoimmune 
disease and has thus emerged as a focus for 
cell-based therapies in the past decade. 
Researchers have considered a wide variety 
of approaches to enhance Treg cell number, 
specificity and function. Current approaches 
include administration of non-specific 
polyclonal Tregs, or Tregs that have been 
engineered to express a T cell receptor (TCR) 
or a chimeric antigen receptor (CAR) specific 
for the autoantigen inducing the unwanted 
immune response.  
 

Polyclonal Treg cells 

P0lyconal Tregs express a natural repertoire 
of TCRs. Autologous polyclonal Treg cells, 
isolated from peripheral blood and expanded 
in vitro are the most widely clinically tested 
Treg cell therapy. Administration of 
polyclonal Tregs has been shown to be safe in 
T1DM [27], as well as in other autoimmune 
diseases and organ transplant patients. 
However, these cells did not survive long-
term in patients and have failed to provide a 
meaningful clinical benefit.  
 
It is thought this may be because Tregs are 
non-antigen specific, as the natural repertoire 
of TCRs target a broad mix of antigens [28]. It 
is also believed that the unmodified T cells 
were not potent enough and difficult to 
isolate and expand due to low precursor 
frequencies. Drug developers are optimising 
Treg therapy by engineering the cells to be 
autoantigen-specific. Numerous preclinical 
studies have demonstrated that antigen-
specific Tregs are more potent than 
unselected polyclonal Tregs, making them 
better equipped to restore immune tolerance,  
with a higher likelihood of complete 
remission [29], [30].  
 
There are also some concerns surrounding 
polyclonal Treg encouragement of 
generalised immune suppression, increasing 
the risk of infection and cancer. However, 
antigen-specific Treg cells may demonstrate 
greater safety as they predominantly localise 
at the site of antigen presentation, 
decreasing the risk of general 
immunosuppression [26]. Researchers are 
exploring several approaches to present 
antigen specificity to Tregs and expand them 
in vitro. One approach involves redirecting 
polyclonal Tregs by introducing synthetic 
receptors. The next generation of Treg cell 
therapy will see cells engineered ex-vivo with 
CAR or TCR constructs, as well as 
modifications that enhance persistence, 
potency and stability.   
 
TCR-Treg cells 

The genetic engineering of a TCR on Tregs 
allows autoantigens to be targeted in the 
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context of an antigen-MHC-peptide complex. 
Current TCR-Tregs in development are ex-
vivo transduced to express a high affinity, 
autoantigen-specific TCR. The first-in-human 
study using TCR-Treg therapy was the 
transfer of ovalbumin (OVA)-specific TR1 cells 
against Crohn’s disease [31]. The triggering 
antibody for inflammatory bowel disease is 
not known, but food antigen ovalbumin and 
its distribution along the digestive tract has 
proven to be effective in activating Tregs 
locally [32]. The treatment was shown to be 
safe and effective. The field has since 
broadened, exploring the potential of TCR-
Tregs in a variety of autoimmune diseases.  
 
Current efforts have involved antigen-specific 
TCRs isolated from effector T cells and 
transduced into Treg cells. However, it is 
possible that TCRs isolated from Treg cells 
have a greater intrinsic affinity and 
specificity, affecting migration and functional 
activity [26]. Thus, an approach isolating 
TCRs from Tregs may more closely replicate 
activity of natural Treg cells. Although the 
number of antigen-specific Tregs required is 
significantly less than polyclonal Tregs, the 
identification of an appropriate, high-affinity, 
autoantigen-specific TCR presents a 
challenge for some autoimmune diseases 
with poorly defined dominant epitopes. The 
great diversity in TCRs, coupled with the fact 
that few antigen-specific Tregs are naturally 
circulating in the peripheral blood, makes 
them hard to isolate and identify [17].  
 
CAR-Treg cells 

CARs are also being expressed in Tregs as a 
strategy to improve the potency and 
specificity of Treg therapies by recognising 
epitopes on surface-expressed molecules. 
The main advantage of CARs is the ability to 
identify the target antigen in an MHC 
independent manner, thus overcoming 
limitations posed on TCR-Tregs [33]. This also 
bypasses the requirement for matching of the 
patient MHC genotype, making it suitable for 
a larger population of patients [26]. However, 
they have the disadvantage of being unable 
to recognise intracellular targets. 
Additionally, they need approximately 100 
targeted autoantigens on a cell surface for 

the CAR to recognise it and stimulate the 
Treg, contrasted with the requirement of 
potentially only one peptide-MHC interaction 
with TCR in order for the Treg to become 
activated [17]. Given the advantages and 
disadvantages of TCR- and CAR-Tregs, 
further research is required to provide insight 
into which technology is more appropriate for 
a particular context.   
 
A few drug developers are also exploring 
effector CAR-T therapy for autoimmune 
diseases. However, CAR-Tregs are likely to 
display greater persistence and durable 
immunosuppression in the target tissue [34].  
Furthermore, effector CAR-T cell therapies 
could result in substantial tissue damage. Off-
target effects of CAR-Tregs are expected to 
be less severe, potentially including 
prolonged immunosuppression at non-
diseased tissues, opportunistic infections, or 
suppression of local tumour immunity. 
 
CAR-NK cells 

Engineering NK cells to express CARs is 
believed to yield greater safety and clinical 
feasibility in cancer [35]. This is yet to be 
explored in autoimmunity and the biological 
rationale is not clear.  
 
Tolerogenic dendritic cells (tolDCs) 

DCs play an important role in the balance 
between immunity and tolerance. In 
autoimmune diseases, DCs tend to skew to a 
mature proinflammatory state, secreting 
proinflammatory cytokines and activating 
autoreactive T cells [18]. tolDCs are a subset 
of DCs able to prime the immune system in a 
tolerogenic state. They exhibit an immature 
phenotype, characterised by lower 
expressions of CD40, CD80, CD86, MHCII, 
and the production of anti-inflammatory 
cytokines, such as high levels of IL-10 and 
TGF-β and low levels of IL-2 [36]. Their 
activity promotes the inhibition of 
autoreactive T cells, as well as the activation 
and proliferation of Tregs. tolDC cell therapy 
offers an opportunity to expand antigen-
specific Treg cells, enhancing the antigen-
specific suppressive properties of Tregs [37]. 
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THE LANDSCAPE 

Technology type 

There are currently two launched cell therapy 
products for autoimmune diseases, both 
allogeneic MSCs. Mesoblast and JCR 
Pharmaceuticals launched remestemcel-L in 
2016 in Japan for children and adults with 
acute graft versus host disease (GvHD) 
following hematopoietic stem cell 
transplantation (HSCT). It is also in clinical 
development for GvHD and Crohn’s disease in 
the US. Takeda launched Alofisel in Europe in 
2018, the first allogeneic stem cell therapy to 
receive central marketing authorization 
approval in Europe [38]. It is indicated for 
refractory complex perianal fistulas in Crohn's 
disease. The therapy comes with a 
moderately high price tag, with NICE noting 
its list price at £54,000 [39].  
 
The current global development pipeline 
consists of over 50 cell therapies to treat 
autoimmune disorders. Over half of these are 
accounted for by MSCs (Figure 1), the 

majority of which are in late clinical 
development. The next most advanced stage 
cell therapy is polyclonal Treg cell therapy 
(Figure 2). More recently, antigen-specific 
engineered Tregs and CAR-Tregs have rapidly 
emerged, all of which are pre-clinical stage. 
CAR-T and CAR-Tregs are currently the 
second most common type of cell therapy in 
development as they offer highly targeted 
and stable suppressive effects. Drug 
developers are leveraging the orthogonal 
benefits from CAR-T cells in the oncology 
space, capitalizing on new tools for boosting 
potency and persistence. For example, 
researchers are assessing the addition of co-
stimulatory molecules, a procedure that has 
greatly optimised efficacy in the oncology 
space. Most CAR Treg studies to date have 
used an identical design to 2nd generation 
CARs in cancer that includes a single co-
stimulatory domain linked to the primary 
CD3ζ signalling domain [33]. There is also one 
DC program and one CAR-NK program in 
development.  
 

 

 
Figure 1. Pie chart depicting number of therapies for each type of cell therapy (data from individual company websites).  

 

MSCs, 27

Polyclonal Tregs, 7

Engineered Tregs, 4

CAR-T, 5

CAR-Treg, 3

tolDC, 1 CAR-NK, 1

Number of programs in development, by technology type
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Figure 2. Stacked column chart depicting number of therapies in each stage of development for each type of cell therapy 
(data from individual company websites).  

 
MSCs 

Mesoblast is the only company with more 
than one cell therapy product against 
autoimmune disorders. In addition to 
remestemcel-L, Mesoblast is developing 
MPC-300-IV, an allogeneic mesenchymal 
precursor cell therapy for the treatment of 
diabetes and rheumatoid arthritis. 
Mesoblast's proprietary mesenchymal lineage 
adult stem cells technology platform 
develops the earliest precursors of the 
mesenchymal cell lineage in adult tissues, 
which has the benefit of displaying lower 
immunogenicity [40].  
 
Imstem Biotechnology is developing a MSC 
therapy derived from embryonic stem cells. 
Their proprietary method to derive MSCs 
from embryonic stem cells via a trophoblast-
like intermediate stage outperforms other 
methods by 200 times in cell yield, 80% 
shorter processing time, and 75% lower 
manufacturing cost [41]. Additionally, 
embryonic stem cells display significant 
advantages over traditional adult-tissue 
derived MSCs such as ease of availability and 
no batch, donor or manufacture variance 
[42]. They are also resistant to changes in the 
environment after expansion and infusion 
and have low immunogenicity. Similarly, 

Citius pharmaceuticals is developing a MSC 
therapy derived from mRNA-reprogrammed 
induced pluripotent stem cells, using Novellus 
and Factor Bioscience’s technology. The 
manufacturing process facilitates the robust 
expansion of uniform MSCs that have higher 
potency, secrete higher levels of 
immunomodulatory proteins and offer 
practically unlimited supply [43]. 
 
SCM Lifescience is unique as it uses its 
proprietary stem cell isolation technology to 
develop high purity allogeneic MSCs and 
stores them in a cell bank system [44]. 
Orbsen Therapeutics has also developed an 
approach to enable the isolation of a clearly 
defined cellular population. The company 
identified a marker protein as a tool for 
selecting 100% pure therapeutic stromal cells 
from a mixture of cells residing in tissues. 
Their proprietary technology is more precise 
at isolating and harvesting stromal cells than 
the current methods employed by most stem 
cell developers who rely on cell adherence to 
plastic cell culture dishes [45]. Orbsen 
Therapeutics has achieved the highest levels 
of MSC purity yet [46]. 
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Polyclonal Treg cells 

Organisations developing polyclonal Treg cell 
programs include King's College London, 
University of California San Francisco, 
Cellenkos, Tract Therapeutics and Regenex. 
 
Acer Therapeutics is developing Tcelna, a 
vaccine consisting of radiation-attenuated 
autologous T cells for the treatment of 
multiple sclerosis. Tcelna is manufactured 
using Opexa's proprietary method, 
specifically isolating myelin-reactive T cells 
and raising them against selected peptides. 
Opexa evaluates over 100 peptides across the 
three key myelin proteins to identify each 
patient's set of dominant epitopes [47].Atara 
Bio and QIMR Berghofer are developing 
Epstein–Barr virus-specific cytotoxic T-
lymphocytes, for the treatment of multiple 
sclerosis.  
 
Genetically engineered Treg cells 

Casebia has combined its CRISPR-Cas9 gene 
editing technology with Seattle Children's 
Hospital’s T cell manufacturing technology to 
develop CRISPR/Cas9 gene-edited Treg cells. 
GentiBio is using its proprietary platform to 
generate EngTreg cell therapy products that 
are antigen specific and tuneable, and 
selectively restrict inflammation temporally 
and spatially in specific tissues where it is 
beneficial. Rather than isolating Tregs, a rare 
cell population in the blood, GentiBio focuses 
on converting more abundant effector T cells 
into EngTreg cells [48]. Sonoma 
Biotherapeutics and Lyell Immunopharma 
have collaborated to develop genetically 
engineered Treg cells.  
 
CAR-T cells 

There are currently eight CAR-T cell therapy 
programs against autoimmune diseases in 
development. Out of those, three are CAR-
Treg cell therapies. Most of the organisations 
have yet to disclose their lead targets and 
indications.  
 
Descartes-08 (Cartesian 
Therapeutics/Harvard Medical School) is the 
most advanced CAR-T program, in clinical 
development [49]. Cartesian Therapeutics is 

developing CD8+ CAR-T cells by mRNA 
transfection, which target BCMA in 
myasthenia gravis [50] and claim to be 
harnessing “enhanced safety features” that 
presumably provide an advantage over the 
use of anti-BCMA mAb therapy. CRISPR 
Therapeutics have partnered with ViaCyte to 
evade rejection of Viacyte’s PEC-Direct in 
diabetic patients. CRISPR Therapeutics is 
using CRISPR-Cas9 technology to develop 
allogeneic CAR-Ts recognizing an undisclosed 
target with the aim of protecting 
transplanted cells [51]. Atara Biotherapeutics 
is developing a CAR-T therapy using its novel 
co-stimulation technology designed to 
improve persistence and safety [52]. China 
Immunotech is employing its proprietary 
antigen receptor complex structure which 
improves survival time of T cells in vivo and 
results in reduced T cell depletion [53]. 
 
Cabaletta Bio and University of Pennsylvania 
are developing chimeric autoantibody 
receptor T-cell, or CAAR-T therapies, for 
autoimmune diseases. CAARs are similar to 
typical CARs, with the exception that the 
extracellular domain carries antigen 
fragments instead of antibody fragments, 
targeting self-reactive B cells that cause 
autoimmune diseases and hence flip the 
original antibody-antigen interaction [54]. A 
single CAAR T treatment could offer 
complete and durable remission of certain 
specific B cell-mediated autoimmune 
diseases while leaving the protective 
antibody-producing immune system intact. 
The company’s initial focus will be on 
mucosal pemphigus vulgaris [55]. Cabaletta 
Bio is currently developing CAAR-Ts targeting 
muscle-specific tyrosine kinase (MuSK) 
against MuSK in myasthenia gravis [56].  
 
Sangamo Therapeutics, Quell Therapeutics, 
and Kyvrena/Gilead are developing CAR-Treg 
cell programs. Gilead entered a partnership 
with Kyverna, combining Kyverna’s synthetic 
Treg platform with the synthetic gene 
expression system synNotch from Gilead’s 
Kite unit [57]. 
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CAR-NK cells 

Cincinnati Children's Hospital Medical Center 
is developing an anti-PD-1 CAR-NK cell 
therapy for the treatment of lupus. This will 
selectively target T follicular helper (Tfh) 
cells. A CAR with relatively weak binding to 
PD-1 was engineered, in order to eliminate 
Tfh cells that exhibit high expression of PD-1, 
while cells with lower levels of PD-1, including 
Treg and memory T cells are spared [35]. 

Indications 

The majority of cell therapy programs are 
being developed for the treatment of Crohn’s  
disease, multiple sclerosis and rheumatoid 
arthritis (Figure 3). These are mostly MSC 
therapies. Lead indications for CAR-Treg 
programs have not yet been disclosed.  
 

 
Figure 3. Column chart depicting number of cell therapies directed at each autoimmune disorder (data from individual 
companies). IBD, inflammatory bowel disease (includes ulcerative colitis and Crohn’s disease); GvHD, graft versus host 
disease; SLE, systemic lupus erythematosus. 

 
MSCs 

The potential of MSCs as a cell therapy has 
been investigated in several autoimmune 
disorders, including SLE, rheumatoid 
arthritis, multiple sclerosis and Crohn’s 
disease. Results have demonstrated safety as 
well as encouraging short-term clinical 
efficacy in all indications [21], [58], [59]. 
However, most clinical trials have enrolled 
low patient numbers and long-term efficacy is 
yet unknown. In one study, a 5-year remission 
rate in SLE patients was reported at 34% [60]. 
 
Polyclonal Treg cells 

Polyclonal Treg cells are being investigated in 
multiple sclerosis, Crohn’s disease, SLE and 
other undisclosed autoimmune disorders. 
Adoptive transfer of Tregs in clinical settings 
of GVHD and T1DM have proven to be safe 
and feasible and have demonstrated 
persistence for up to one year post-infusion 

[27], [61]. However, the long-term efficacy of 
these therapies remains unproven. 
 
CAR-T/Tregs 

CAR-Tregs have been explored in murine 
models of colitis, multiple sclerosis and 
transplant rejection [62]–[64]. They were 
shown to proliferate, secrete suppressive 
factors, and ameliorate disease symptoms in 
an antigen-specific manner. The first 
indications will likely be organ 
transplantation, where engineered Tregs 
targeting one antigen will yield short-term 
preliminary readouts for future complex 
autoimmune disorders. Indeed, Sangamo, 
which leads the field with TX200, is initiating  
clinical testing in kidney transplantation. 
TX200 is a Treg expressing a CAR against 
HLA-A2, gained through Sangamo’s 
acquisition of TxCell, to prevent rejection in 
HLA-2 mismatched kidney transplant 
patients, and is the first CAR-Treg candidate 
to be clinically tested [65]. 
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Allogeneic versus autologous  

70% of MSC therapies are being developed 
for off-the shelf administration (Figure 4). 
This is largely due to the difficulty and cost in 
isolating and expanding a large enough 
number of autologous MSCs. The popular use 
of allogeneic MSCs is based on their low 
immunogenicity, implying the possibility of 
greater availability via cell bank 
establishment [19]. Indeed, several allogeneic 
MSC programs, such as from SCM 
Lifescience, offer a cell bank system. Celltex 
Therapeutics and Hope Biosciences also 
provide individual cell banks for their 
autologous candidates. 
 
Autologous products are dominating in the 
Treg and CAR-T space. Persistence of Treg 
cells is of great importance, and will be 
challenging to achieve with an allogeneic 
product due to Treg cells’ complex editing 

pathway [66]. Furthermore, the three-week 
time period of developing autologous 
treatments is not critical in autoimmunity 
[58]. However, one needs to consider the risk 
of failure due to numbers of functionally 
defective Tregs. More importantly, the high 
cost associated with manufacturing and 
delivery is a challenge for health care 
systems. McGill, CEO of Quell Therapeutics, 
argues that the high price tag is justifiable if 
the engineered cells can persist long term 
[66].  
 
It is likely that the science for allogeneic CAR-
Tregs will follow from effector CAR-Ts in the 
oncology field. Sangamo is exploring the 
possibility of developing allogeneic Tregs 
using its zinc finger nuclease gene editing 
technology.  
 
 

 
 
Figure 4. Stacked column chart depicting number of autologous and allogeneic cell therapies for each type of cell therapy 
(data from individual companies).  

 
Efforts to enhance Treg cell specificity, 
survival and function 

Although Treg cells are demonstrating 
promising clinical results, additional 
modifications will likely be needed to improve 
the cells’ potency and persistence. The field is 
exploring the use of a broad range of Treg-
promoting therapies to use in combination 
with Treg therapy. 
 

One strategy involves low-dose IL-2 to boost 
Treg number and function. Indeed, several 
groups are developing IL-2 mimics to 
promote Treg cell expansion in vivo. Sonoma 
has investigated the combination of low-dose 
IL-2 with polyclonal Tregs [67], suggesting 
that IL-2 can be incorporated into Treg 
therapy by developing engineered Tregs that 
secrete IL-2 and overexpress an IL-2 receptor 
on their surface [66]. 

0

5

10

15

20

25

30

MSCs Polyclonal Tregs Engineered Tregs CAR-T/Tregs/NK tolDCs

N
u

m
b

er
 o

f 
th

er
ap

ie
s

Autologous vs. allogeneic cell therapy programs 

Allogeneic Autologous

http://www.alacrita.com/


Cell Therapy for Autoimmune Disease: Landscape Analysis & Overview  |  February 2021  page 11  

 

alacrita 
Boston & London   www.alacrita.com   

An alternative strategy is to enforce 
expression of transcription factor FOXP3, 
which serves as a master regulator of Treg 
development and function, to promote 
persistence [26]. Casebia Therapeutics has 
explored this strategy and is possibly 
developing FOXP3-overexpressing Treg cell 
therapies, but this has not been confirmed 
[66]. 
 
Optimising CAR-co-stimulatory endodomain 
design is being explored in the oncology field 
and has been exploited in next-generation 
CAR-T therapies. Whether expression of 
these co-stimulatory endodomains via CARs 
on Tregs enhances their function in a similar 
manner to those found on CAR-T cells is yet 
to be seen [58]. 
  
Safety 

Overall, autoimmune disorders have a higher 
safety bar than cancer as they are not 
immediately life-threatening. Additionally, 
the risk of CAR-T-induced cytokine release 
syndrome in autoimmune disorders is 
significantly lower [66]. However, the long-
term immunosuppressive phenotype of Treg 
cells is unclear due to their high plasticity 
[34]. Treg cells have shown to become 
unstable in murine models, whereby they lost 
expression of FOXP3 and converted to 
effector-like T cells [68]. This problem is 
compounded by the chronic nature of 
autoimmune diseases, requiring Treg 
therapies to be long acting.  
 
Several safety switch programs have been 
developed for CAR effector T cells to block 
potential adverse effects that could also be 
used in CAR-Tregs [26]. For example, 
Bellicum Pharmaceuticals has developed 
CaspaCIDe, a safety switch technology. 
Alternatively, engineering CAR-Tregs to 
maintain FOXP3 expression could mitigate 
conversion [69]. 
Ultimately, the potential to alleviate these 
chronic diseases using cell-based therapies is 
enormous, with the field of autoimmune 
disease being one of the largest 
pharmaceutical markets in the world. 
Moreover, the quick evolution of CAR-T cells 
into the clinic in cancer has informed the 

community of the pitfalls associated with 
delivering an effective and safe treatment; 
applying these to CAR-Treg therapy will 
accelerate their clinical use. CAR-Tregs 
currently require further refinement including 
the need to maximize their suppressive 
function and stability, and better understand 
their homing capacity and persistency [58].  
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