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Purpose of Review Stem cell therapies have demonstrated safety and efficacy in the treatment of perianal Crohn’s disease as
compared to conventional therapy. Thus, an understanding of their place in the treatment algorithm for inflammatory bowel
disease has become imperative as we move into an era of regenerative medicine.

Recent Findings There have now been over a dozen clinical trials highlighting stem cells as a useful therapeutic in Crohn’s
disease. Due to the success in the local treatment for perianal Crohn’s disease, investigation is continuing in the space of targeted

systemic delivery for the treatment of luminal disease.

Summary As we increase the number of patients treated in clinical trials, it is imperative to define the optimal cell donor,
optimize treatment dosing and retreatment protocols, and understand methods for safely targeting and treating

intraluminal disease.

Keywords Mesenchymal stem cells - Stem cells - Luminal Crohn’s disease - Perianal Crohn’s disease - Regenerative medicine

Introduction

Crohn’s disease is a chronic inflammatory disease of the gas-
trointestinal tract of unknown etiology, which continues to
increase in incidence for unknown reasons [1, 2]. The
transmural nature of the inflammation can cause fistulas of
which perianal fistulizing disease is the most common pheno-
type occurring in up to 20% of CD patients [1]. Up to 10% of
women develop a rectovaginal fistula [2, 3], a particularly
devastating and disabling condition with a significant negative
impact on quality of life [4]. Perianal and rectovaginal fistulas
are notoriously difficult to treat with patients reporting ongo-
ing symptoms of perianal pain, incontinence, stool and air per
vagina, dyspareunia, and significantly diminished quality of
life [2, 5]. Desperate to alleviate symptoms, patients cycle
through numerous systemic immunosuppressives and opera-
tive interventions, at risk for serious opportunistic infection
and incontinence, respectively. They suffer significant
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morbidity and want relief, but there are significant limitations
to our current standards of care.

Unfortunately, perianal CD is notoriously difficult to cure
with 37% of patients experiencing refractory disease [6] de-
spite the majority of patients being placed on biologic therapy
and 90% undergoing surgical intervention [1]. The most well-
studied immunosuppressive for the treatment of fistulizing
CD is infliximab. Unfortunately, while up to 55% of patients
achieve closure of their fistula tracts at 3 months, only 36% of
patients remained in remission at 1 year [7, 8]. The large
number of surgical options including fistulotomy, fistula plugs
and glue, anal/rectal advancement flaps, or tissue interposition
grafts highlights that no particular intervention is effective. A
superficial fistulotomy, while most effective, is rarely per-
formed due to the risk for incontinence and a potential non-
healing wound [2, 5]. An anocutaneous flap or rectal advance-
ment flap is possible with healing rates of up to 70%, but
rarely used due to anal canal and rectal inflammation [9—11]
which significantly impairs healing [12]. Ultimately, despite
the numerous available medical therapies and surgical tech-
niques, up to 20% undergo a proctectomy, desperate to alle-
viate their symptoms and regain their quality of life [13, 14].

This lack of efficacy and risk of side effects from immuno-
suppressive agents [15—17] and incontinence with surgical
interventions [18] has driven investigators to seek alternative
therapies. The field of regenerative medicine is expanding at
an exponential rate and the use of stem cell-based therapy is
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being applied to a vast array of disease states. Recently, suc-
cess of mesenchymal stem cells (MSCs) specifically in
treating severe inflammatory disorders such as graft-versus-
host disease (GvHD) [19], systemic lupus erythematosus [20],
myocardial infarction [21], multiple sclerosis [22], and
Crohn’s disease (CD) [23] has highlighted the therapeutic
benefit of the immunomodulatory characteristics of MSCs
[24, 25]. The important immunomodulatory property specific
to CD is the ability of MSCs to upregulate a CD4" T cell
subset of regulatory T cells (Tregs), a cell type known to be
deficient in CD [26, 27]. It has been well established that the
depletion of Treg cells and imbalance of Treg to T effector
cells plays a key role in the pathogenesis of CD [28, 29].
Therefore, MSCs’ ability to upregulate Treg cells, migrate to
sites of inflammation, and dampen immune responses under-
scores the escalating interest in using MSCs to treat CD.

Clinical Trials to Date

Since the first report of successful healing of a rectovaginal
fistula following injection mesenchymal stem cells (MSCs) in
2003 [30], several phase I [23, 31-34], phase II [33, 35, 36],
and phase III [37¢] trials, including over 300 patients, have
demonstrated safety and efficacy of this emerging therapy for
perianal CD. Trials to date have used a combination of allo-
geneic [32, 34, 36, 37+] and autologous MSCs [23, 30, 31, 33,
35, 38, 39] derived from both the bone marrow [34, 38] and
adipose tissue [23, 30, 32, 33, 37¢], administered at various
doses, given as a singular or repeat injection, and delivered
with [23, 30, 32] and without [34, 37¢] scaffolding—all en-
couraging with regard to both safety and efficacy (Table 1).

Outstanding Questions

While safety and efficacy have now been well established in
the aforementioned trials to date (Table 1), there remain a
number of outstanding questions.

Who Is the Optimal Allogeneic Stem Cell Donor?

Interestingly, studies suggest significant donor-to-donor vari-
ability in MSC viability, cytokine secretion, Treg induction,
and differentiation. This donor-to-donor variability has the
potential to introduce significant heterogeneity into study ef-
ficacy when autologous cells are utilized since each patients’
cells may exhibit different functions. And, donor-to-donor
variability could affect results from trials utilizing allogeneic
cells from different donors or pooled donors. It, therefore,
becomes imperative to research which donors provide the op-
timal cell type for clinical trial utilization.

@ Springer

In vitro work has shown that older age significantly im-
pacts proliferation and viability of MSCs [40], and that female
sex improves the anti-inflammatory properties of BM-MSCs,
thereby altering their therapeutic effects [41]. Of particular
interest is the recent data demonstrating that MSCs harvested
from patients with CD exhibit reduced immunosuppressive
capabilities when compared to MSCs from healthy donors
[42]. If CD patients have impaired MSCs, then autologous
MSCs in the setting of perianal CD may be less effective than
allogeneic cells from healthy donors. Further research will
help define the optimal patient donor for allogeneic cell ex-
pansion and utilization in clinical trials.

Should We Use Allogeneic or Autologous Cells?

Clinical trials in perianal CD have utilized both allogeneic [32,
34, 36, 37°] MSCs or autologous MSCs [23, 30, 31, 33, 35,
38, 39], but these cell types were never compared in a trial for
superior efficacy. Some authors support the use of autologous
MSCs given the concern for alloimmunity following the de-
livery of allogeneic MSCs [43-45]. However, a substantial
body of evidence reporting the immunotolerance of MSCs
underscoring their ability to be used safely without the gener-
ation of an immune response following delivery [43, 46].
Without an alloimmune response, allogeneic MSCs are better
suited for clinical trials since they provide an “off the shelf”
product at the point of patient care without added delay man-
dated in autologous MSC harvest and expansion. In addition,
they do not require the complex institutional infrastructure
needed for autologous cellular harvest from each treated pa-
tient, but can be purchased as a pharmaceutical product. In
addition to these important logistical considerations, there is
substantial evidence that not all donor MSCs are equivalent
with regard to immunosuppressive function. Thus, utilizing an
optimized allogeneic product would introduce less study het-
erogeneity and may have the potential to optimize outcomes.

What Is the Optimal Dose and Frequency of Cell
Delivery?

Unfortunately, studies performed to date have utilized varying
doses of cells and redosing protocols for cell delivery.
Molendijk et al. [34] randomized patients to a single injection
of 1 x 107 MSCs, 3 x 10’ MSCs, or 9 x 10" MSCs, and found
that 3 x 10" MSCs provided the best rates of healing rather
than the maximal dose. Another study by Cho etal. [31] tested
a variety of MSC dosage’s in relation to the length of the
fistula tract (3 x 107 cells per 1 cm length of tract), but no
comparisons in efficacy were made. Panes et al. used a fixed
dose of MSCs (12 x 107), but in some patients, this dose was
split between two fistula tracts versus one dominant tract
[37¢]. Interestingly, none of these studies that used variable
dosing noted increased healing rates with increased quantities
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is likely safe and may prove highly effective. However, this
technique for the treatment of inflammatory bowel disease re-
mains largely unstudied to date. In CD, there is one reported
case of a patient receiving 10°/kg of MSCs followed by a sec-
ond injection 4 weeks later of 10%kg of MSCs into the ileocolic
via interventional radiology to treat terminal ileal disease. Not
only were there no adverse events but the patient also tolerated
the procedure well with reported clinical improvement [55]. In
UC, a much larger trial performed by Hu et al. investigated the
safety and efficacy of intra-arterial delivery of MSCs for colonic
mucosal healing in the setting of ulcerative colitis. Seventy
patients were safely treated with an intra-arterial delivery of
1.5% 107 MSCs in 10 mL to the SMA. Overall, there was
significant mucosal healing seen in treated patients [56].

Logistical Barriers to Implementation

As an expanding number of reported clinical trials are demon-
strating clinical success, the next hurdle is how to translate and
implement these regenerative products into clinical practice or
patient service lines. While stem cell delivery for perianal fistula
has been successful, it is expensive and has yet to become
commercially available or covered by insurance. In addition,
delivery of cells is challenging as the shelf life is 24-48 h and
many institutions may not have the infrastructure to receive
cells. When utilizing autologous cells or allogeneic cells
shipped frozen, a good manufacturing practice (GMP) grade
lab is required at the institution for cell thawing or cell
manufacturing. GMP grade facilities are costly and are not
widespread across hospitals. Therefore, most patients in the
near future will likely be treated in the context of a clinical trial,
offered at a limited number of institutions with the required
infrastructure and funding. Therefore, significant ongoing re-
search is being performed in developing alternative acellular
regenerative products, with similar function to MSCs, that can
be manufactured at a lower cost, with a longer shelf life, and can
be delivered without the need for a complex infrastructure on
the receiving end. While we continue to explore alternative
regenerative therapies, it will be important that the personnel
delivering cellular therapeutics become well versed in regener-
ative therapy and the needs for their institutions’ infrastructure
to create service lines to treat a greater number of patients.

Conclusions

It is an exciting time as we enter an era of regenerative-based
therapy for the treatment of inflammatory bowel disease, offer-
ing novel treatment approaches without the risk of systemic
immunosuppression or surgical complications. It remains imper-
ative, however, to continually ask how to better optimize ongo-
ing clinical trials. Going forward, it will be important to define

the optimal stem cell donor in the setting of allogeneic therapy,
understand whether allogeneic product results in a clinically
significant alloimmunity preventing re-treatment, and determine
optimal dosing and redosing protocols. Answers to these impor-
tant questions will allow us to continue to make strides within
regenerative medicine, apply our findings to systemic treatment
for luminal disease, and optimize patient outcomes.
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