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BACKGROUND & AIMS:
 Transplantation of peripheral blood stem cells has been successful therapy for small numbers of
patients with Crohn’s disease (CD), but requires prior myeloconditioning. Mesenchymal stromal
cells (MSCs) escape immune recognition, so myeloconditioning is not required before their
administration. We investigated the efficacy of allogeneic MSCs in patients with luminal CD.
METHODS:
 Our phase 2, open-label, multicenter study included 16 patients (21–55 y old; 6 men) with
infliximab- or adalimumab-refractory, endoscopically confirmed, active luminal CD (CD activity
index [CDAI], >250). Subjects were given intravenous infusions of allogeneic MSCs (2 3 106

cells/kg body weight) weekly for 4 weeks. The primary end point was clinical response (decrease
in CDAI >100 points) 42 days after the first MSC administration; secondary end points were
clinical remission (CDAI, <150), endoscopic improvement (a CD endoscopic index of severity
[CDEIS] value, <3 or a decrease by >5), quality of life, level of C-reactive protein, and safety.
RESULTS:
 Among the 15 patients who completed the study, the mean CDAI score was reduced from 370
(median, 327; range, 256–603) to 203 (median, 129) at day 42 (P < .0001). The mean CDAI
scores decreased after each MSC infusion (370 before administration, 269 on day 7, 240 on day
14, 209 on day 21, 182 on day 28, and 203 on day 42). Twelve patients had a clinical response
(80%; 95% confidence interval, 72%–88%; mean reduction in CDAI, 211; range 102–367), 8
had clinical remission (53%; range, 43%–64%; mean CDAI at day 42, 94; range, 44–130). Seven
patients had endoscopic improvement (47%), for whom the mean CDEIS scores decreased from
21.5 (range, 3.3–33) to 11.0 (range, 0.3–18.5). One patient had a serious adverse event
(2 dysplasia-associated lesions), but this probably was not caused by MSCs.
CONCLUSIONS:
 In a phase 2 study, administration of allogeneic MSCs reduced CDAI and CDEIS scores in patients
with luminal CD refractory to biologic therapy. ClinicalTrials.gov number, NCT01090817.
Keywords: Cellular Therapy; Intestine; Inflammation; Immune Response; Autoimmune.
Abbreviations used in this paper: AQoL, assessment of quality of life; CD,
Crohn’s disease; CDAI, Crohn’s disease activity index; CDEIS, Crohn’s
disease endoscopic index of severity; CMV, cytomegalovirus; CRP, C-
reactive protein; GVHD, graft-versus-host disease; IBDQ, inflammatory
bowel disease questionnaire; MSC, mesenchymal stromal cell.
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Despite the advent of biologic therapy for Crohn’s
disease (CD), about one quarter of patients still

need major abdominal surgery within 5 years after their
diagnosis.1 To avoid surgery, cellular therapy by bone
marrow or peripheral blood stem cell transplantation,
either allogeneic or autologous, has been used successfully
in small numbers of patients, but requires prior myeloa-
blative therapy or hematopoietic stem cell mobilization.2

By contrast, mesenchymal stromal cells (MSCs) are
multipotent adult stem cells that are considered to lack
immunogenicity and hence escape immune recognition;
they have low level HLA class I expression, lack HLA
class II antigen, and do not express co-stimulatory mol-
ecules. Accordingly, in allogeneic administration, donor
to recipient matching is not required, nor chemothera-
peutic marrow conditioning.3

http://ClinicalTrials.gov
http://www.gastro.org/cghpodcast
http://dx.doi.org/10.1016/j.cgh.2013.06.021
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The immunomodulatory properties of MSC have been
applied successfully to steroid-refractory graft-versus-
host disease (GVHD)4,5 and are under evaluation in other
diseases.6 Locally administered allogeneic or autologous
MSCs were effective in small numbers of patients with
perianal fistulous CD7,8; intravenous autologous MSCs
were safe when used in biologic-refractory luminal CD.9

Intravenous allogeneic MSCs led to clinical response at
14 days in 3 of 9 patients with biologic-refractory CD.10

In determining whether allogeneic or autologous MSCs
should undergo evaluation, we took into account inter-
national and local evidence of the efficacy of allogeneic
MSCs in GVHD, the 6-week time-frame required to
manufacture autologous cells, and an uncertain effect of
immunosuppressant therapy on in vivo autologous MSCs.

Accordingly, our hypothesis was that allogeneic MSCs
would lead to clinical improvement of medically refractory
luminal CD. The aims of this study were to establish the
efficacy and safety of allogeneic MSCs in luminal CD.

Methods

Study Overview

This phase II study was an open-label, multicenter,
Australian, nonrandomized evaluation of subjects with
active luminal CD (CD activity index [CDAI], >250) who
had failed anti–tumor necrosis factor therapy. Subjects
received 4 MSC infusions (2 � 106 cell/kg body weight)
each 1 week apart (Figure 1). The primary outcome
measure was clinical response (CDAI reduction, >100
points) at day 42; secondary outcome measures at day 42
were clinical remission (CDAI, <150), endoscopic
improvement (CD endoscopic index of severity [CDEIS] 11

decrease of >5, or CDEIS <3), improved quality of life
(inflammatory bowel disease questionnaire [IBDQ] 12 and
assessment of quality of life [AQoL]13 scores), normali-
zation of C-reactive protein (CRP) level, and safety.

Eligibility Criteria

The following inclusion criteria were applied: colonic
or small-bowel CD (based on endoscopy and histology);
CDAI of more than 250; endoscopically active disease;
Figure 1. Study overview.
disease refractory to induction with infliximab or adali-
mumab, or loss of response to both, or side effects to either
or both of these drugs precluding further use. Failure to
induce remission was defined as failure of clinical remis-
sion 4 weeks after a minimum of 3 doses of infliximab (5
mg/kg) at 0, 2, and 6 weeks; or 3 doses of adalimumab
(160 mg at week 0, 80 mg at week 2, 40 mg at week 4).

The following exclusion criteria were applied: chronic
stricturing disease without inflammation; co-existent
bacterial enterocolitis or cytomegalovirus (CMV) infec-
tion; prior malignancy; pregnancy or unwilling to use
birth control during therapy; breastfeeding; stoma (CDAI
not measurable); or active sepsis, including perianal
sepsis or perforating disease.

Regarding concomitant drug therapy during the
study, we established the following rules: last biologic
(infliximab or adalimumab) 4 or more weeks previously;
and between time ¼ �14 days and day 42, stable doses
of corticosteroid (within 10 mg prednisolone variation),
immunomodulator (azathioprine, 6-mercaptopurine,
methotrexate), or antidiarrheal.
Investigational Treatment and Study Conduct

Subjects received MSCweekly for 4 weeks (t¼ 0, 7, 14,
and 21 d); study visits were at these time points, and at
days 28 and 42. Thawed MSCs (volume, 40–80 mL) were
administered over 15 to 20 minutes through a peripheral
intravenous cannula without a leukocyte filter.

In respect to determining the relationship of adverse
events with study therapy, possible adverse events were
discussed between chief investigators. Further, interim
safety reports generated after every 5 patients were
reviewed by an independent committee, comprising 2
independent clinicians, and an ethics committee chair-
person. Institutional ethics committee approval was ob-
tained from all participating centers, and signed informed
consent was obtained from participating subjects.
Mesenchymal Stromal Cell Preparation

Bone marrow–derived MSCs were manufactured in a
government-funded facility within Royal Perth Hospital;
the facility is licensed by the Australian regulator, the
Therapeutic Goods Administration. Bone marrow was
obtained from donors meeting strict selection criteria,
including formal medical assessment, age younger than
30 years, and negative testing for mandatory infectious
disease markers. There is a local policy for CMV-negative
recipients to receive MSCs from CMV-negative donors.

As previously described,5 cells were isolated from
mononuclear cell preparations by adherence to plastic,
then culture expanded in Dulbecco’s modified Eagle
medium (Life Technologies, Mulgrave, Australia), sup-
plemented with 10% fetal bovine serum (SAFC Bio-
Sciences, Melbourne, Australia), which was removed in
the final stages of preparation. Cells were harvested at
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80% confluence and passaged to passage 5. Cell doses
were cryopreserved in 10% dimethylsulfoxide (WAK-
Chemie, Steinbach, Germany), 50% PlasmaLyte (Baxter
Health Care, Sydney, Australia), 20% sodium chloride,
and 20% human serum albumin (Commonwealth Serum
Laboratories, Melbourne, Australia), and stored at less
than �150�C. Three unrelated donors provided marrow
for manufacturing MSCs; no individual patient received
MSCs from more than 1 donor.

Before release for therapy, MSC products were
required to have cell viability greater than 70%, negative
microbial contamination testing, and show MSC charac-
teristics according to the International Society for
Cellular Therapy.14 Cytogenetic abnormalities were
excluded by studies at passage 5.
Dose Determination

Local experience in treating GVHD had been with a
dose of 1 to 2 (median, 1.7) � 106 cell/kg body weight,
administered as 2 doses weekly for 2 weeks, and re-
treatment if there was no response.5 Internationally,
1.4 � 106 cell/kg had been used for GVHD.4 For CD, in a
study of autologous MSCs, 2 infusions of 1 to 2 � 106

cell/kg a week apart were used.9 In an allogeneic MSC
study, patients received 2 infusions of either 2 � 106

cell/kg (n ¼ 4) or 8 � 106 cell/kg (n ¼ 5).10

Accordingly, we determined that our study would use
4 doses, each a week apart, of a minimum of 2 � 106

cell/kg. Our MSCs were prepared and stored in aliquots
of 50 � 106 cells; accordingly, patients were to receive 2
to 2.7 � 106 cell/kg per infusion.
Statistical Methods

Data are described using proportions and mean or
median scores together with the 95% confidence in-
tervals as appropriate to the variable and its distribution.
The primary outcome measure was the change over time
in CDAI. Because there was no control group for com-
parison, a longitudinal random-effects regression was an
efficient and appropriate method of analysis. The
regression analysis used maximum likelihood estimation
with time as the single predictor. The assumption of
linearity was assessed using restricted cubic splines. For
the outcome measures of IBDQ and AQoL, the related
samples nonparametric Wilcoxon signed-rank test was
used.

A power analysis based on a longitudinal random-
effects model indicated that a sample size of 20 sub-
jects was sufficient to show a statistically significant
reduction in the CDAI of 100 points in 20% of patients
(critical a ¼ .05) with power in excess of 80%. The po-
wer analysis incorporated a penalty for 2 interim ana-
lyses. We determined that if at least 1 of the first 10
patients had a clinical response at the primary study end
point, then recruitment would continue until 30 patients
had been recruited. However, the second interim analysis
led to the decision to report outcome data after the
accrual of 16 patients.

Results

Demographics

This study included 16 patients, aged 21 to 55 years
(7 men), with a mean CDAI of 371 (range, 256–603).
Thirteen patients had Crohn’s colitis, 2 patients had
ileocolitis, and 1 patient had ileal disease alone (Table 1).
Three patients had primary failure of a single biologic;
the remainder failed both infliximab and adalimumab.
The most recently administered biologic was between 4
and 8 weeks before MSC administration in 11 patients
(adalimumab, n ¼ 10; infliximab, n ¼ 1), and between 8
weeks and 12 months in 5 patients (adalimumab, n ¼ 3;
infliximab, n ¼ 2). Fourteen of 16 patients took other
immunosuppressive therapy (corticosteroid or immu-
nomodulator) during the study, which was within
protocol.

Protocol Deviations or Variations

Protocol deviations or variations occurred in 4 in-
stances, and adversely impacted outcome measures with
certainty in 2 patients (patients 11 and 14), and possibly
in 1 patient (patient 6).

In patient 11, with a past history of a known proximal
rectal stricture with mucosal atypia and recommenda-
tion for surgery, low-grade dysplasia was found on a
mucosal biopsy specimen before study entry. However,
this was not brought to the attention of the chief in-
vestigators until after completion of the study, at which
time a stage I colorectal cancer was diagnosed. This is
detailed in the Safety section later.

Patient 14 attended a nonstudy hospital after
receiving 4 MSC infusions, and received infliximab and
further follow-up evaluation at the nonstudy hospital.
Although the CDAI decreased from 397 to 202 after 3 of
4 MSC infusions, no outcome data are available after this,
and the patient was withdrawn from analysis for all
outcome variables except safety.

Patient 6 used herbal preparations containing slip-
pery elm and olive leaf extract on day 21, without
investigator endorsement, after receiving 4 MSC in-
fusions. Although data are lacking on this preparation in
CD, an effect on outcome data cannot be discounted.

In patient 5 we could not discount the possibility that
MSCs led to transient worsening of a pre-existing
increased serum alanine aminotransferase level, leading
to withholding 1 of 4 MSC infusions. This is detailed
further in the Safety section later.

With the exception of patient 14, all patients with
protocol deviations had outcome data analyzed on an
intention-to-treat basis.



Table 1. Patient Demographics and Details

Patient
number Age, y Sex

Distribution
of disease

Entry
CDAI

Prior biologic/
immunomodulator therapy Prior surgery

Anti-TNF before MSC
(weeks before last dose)

primary failurea
Concomitant drug

therapy during studyb
Total MSC

dose

1 25 F Colitis 414 Infliximab, adalimumab,
azathioprine

Perianal abscess drainage/
insertion of seton

Adalimumab 4 wk 9.4 � 106/kg

2 55 M Colitis 524 Infliximab, adalimumab,
azathioprine

Nil Adalimumab 4 wk Azathioprine,
prednisolone 10 mg

8.2 � 106/kg

3 31 F Colitis 269 Infliximab, adalimumab,
azathioprine

Subtotal colectomy Adalimumab 8 wk Prednisolone
12.5–15 mg,b

prednisolone enema

9.8 � 106/kg

4 32 F Colitis 319 Infliximab, adalimumab,
azathioprine

Nil Adalimumab 4 wka Azathioprine 9.8 � 106/kg

5 23 F Colitis 325 Infliximab, adalimumab,
azathioprine

Nil Adalimumab 4 wk Prednisolone 20 mg 7.1 � 106/kg

6 39 F Colitis 603 Infliximab, adalimumab,
azathioprine

Perianal abscess drainage/
insertion of seton

Adalimumab 6 mo Mycophenolate mofetil,
ciprofloxacin

8.0 � 106/kg

7 21 M Colitis 366 Infliximab, 6-MP Nil Infliximab 4 wka 6-MP, prednisolone
25–15 mgb

8.6 � 106/kg

8 27 F Colitis 344 Infliximab, adalimumab,
azathioprine

Perianal abscess drainage/
insertion of seton

Adalimumab 3 mo Azathioprine,
prednisolone 15 mg

8.3 � 106/kg

9 52 M Colitis 256 Infliximab, adalimumab,
azathioprine

Perianal abscess drainage Adalimumab 4 wk 6-MP 8.0 � 106/kg

10 39 F Colitis þ perianal 498 Infliximab, adalimumab,
azathioprine, methotrexate

Nil Infliximab 12 mo Azathioprine,
prednisolone 35 mg

9.3 � 106/kg

11 31 M Colitis þ perianal 295 Infliximab, adalimumab,
6-MP

Nil Infliximab 4 mo 6-MP, prednisolone
35 mg

10.1 � 106/kg

12 41 M Ileocolitis 285 Infliximab, adalimumab,
azathioprine

Ileocolonic resection Adalimumab 4 wk Azathioprine 8.6 � 106/kg

13 46 F Ileocolitis 327 Infliximab, adalimumab,
azathioprine

Nil Adalimumab 10 wk Prednisolone
20–15 mgb

9.0 � 106/kg

14 35 M Colitis þ perianal 397 Infliximab, adalimumab,
azathioprine,
methotrexate

Perianal abscess drainage/
insertion of seton and
temporary ileostomy

Adalimumab 6 wk Methotrexate,
prednisolone 10 mg

9.4 � 106/kg

15 23 M Colitis 259 Infliximab, adalimumab,
azathioprine

Nil Adalimumab 4 wk Prednisolone
10 mg

9.7 � 106/kg

16 52 F Ileal 460 Adalimumab,
azathioprine, 6-MP

Ileocolonic/ileal
resections �3

Adalimumab 4 wka Loperamide 8.8 � 106/kg

F, female; M, male; 6-MP, 6-mercaptopurine; TNF, tumor necrosis factor.
aPrimary failure of a single biologic; all other patients failed both biologics.
bWhen variation of the prednisolone dose is given, the initial dose figure represents the study entry dose, and the last figure represents the study end point dose.
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Table 2. CDAI and Endoscopic Outcome Data

Patient
number

CDAI
entry

CDAI
day 7

CDAI
day 14

CDAI
day 21

CDAI
day 28

CDAI
day 42

Clinical
response

Clinical
remission

CDEIS
entry

CDEIS
day 42

Endoscopic
improvement

1 414 315 330 329 324 466 N N 9.75 17.5 N
2 524 504 392 320 338 422 Y N 19 18.5 N
3 269 160 143 - 147 122 Y Y 19.5 19.5 N
4 319 149 186 201 193 130 Y Y 23 18.5 Y
5 325 76 180 108 88 44 Y Y 17 9.5 Y
6 603 362 437 169 160 236 Y N 26 25.3 N
7 366 189 113 68 107 114 Y Y 27.5 17.5 Y
8 344 382 223 256 177 85 Y Y 3.3 0.3 Y
9 256 182 159 80 46 81 Y Y 19 9.75 Y
10 498 338 256 281 135 275 Y N 32.5 31 N
11 295 245 234 222 175 180 Y N 28 8.6 Y
12 285 210 227 169 169 128 Y Y 33 13 Y
13 327 97 8 20 0 50 Y Y 6.1 10.2 N
14 397 389 291 202 - - - - 18 - -
15 259 277 276 244 236 282 N N 31.5 32 N
16 460 454 390 472 436 436 N N 9.1 6.25 N
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Outcome Evaluations

Clinical response: decrease in Crohn’s disease activity
index by more than 100 points. The mean CDAI (n ¼ 15)
decreased from 370 (median, 327; range, 256–603) at
entry to 203 (median, 129; range, 44–466) at day 42
(P < .0001) (Table 2). Clinical response occurred in 12
(80%, 95% confidence interval, 72%–88%) of 15 pa-
tients (mean CDAI reduction, 211; range, 102–367)
(Figure 2). The mean CDAI decreased after each MSC
infusion (day 0, 371; day 7, 269; day 14, 240; day 21,
209; day 28, 182; and day 42, 203) (Figure 3).

Clinical remission: decrease in Crohn’s disease activity
index to less than 150. Clinical remission occurred in 8
(53%, 95% confidence interval, 43%–64%) (mean CDAI
at day 42, 94; range, 44–130) of 15 patients at day 42.

Endoscopic improvement: a Crohn’s disease endoscopic
index of severity decrease of more than 5, or a Crohn’s
Figure 2. CDAI score of 15 subjects at study entry and at day
42. Broken lines indicate patients without clinical response.
disease endoscopic index of severity of less than 3. Endo-
scopic improvement occurred in 7 (47%, 95% confidence
interval, 36%–57%) (mean CDEIS, 21.5 [range, 3.3–33] to
11.0 [range, 0.3–18.5]) of 15 patients at day 42.

Quality of life. Improved quality of life is reflected by
an increase in the 32-item IBDQ score, or a decrease in
the 35-item AQoL-8D score. In 14 evaluable patients,
mean IBDQ scores improved from 119 to 150 (P ¼ .014),
and mean AQoL scores improved from 81 to 70 (P ¼
.013) (Table 3). For patients with a clinical response
(n ¼ 11), IBDQ scores improved from 118 to 158 and the
AQoL improved from 80 to 63; in patients with clinical
remission and endoscopic improvement (n ¼ 7) the
IBDQ scores improved from 125 to 163 and the AQoL
improved from 82 to 60.

C-reactive protein. CRP data were complete in 13 of
16 patients. Seven patients had a study entry CRP level
greater than 10, which became normal in 2 patients.

Safety. One serious adverse event occurred (Table 4).
Patient 11 had 2 dysplasia-associated lesions or masses
diagnosed in the rectosigmoid at the day 42 endoscopy,
and subsequent surgery found a stage I well-
differentiated sigmoid adenocarcinoma. This occurred
in the aftermath of 2 events that the chief investigators
had not been made aware of until study completion: (1)
low-grade dysplasia on sigmoid mucosal biopsy spec-
imen at entry endoscopy, and (2) previous recommen-
dation for colectomy in light of mucosal atypia
within proximal rectal stricturing 12 months previously.
It is the view of the chief investigators that it is likely that
cancer was present at the index endoscopy 8 weeks
before the day 42 examination but was not appreciated
endoscopically in the presence of active colitis and that
this patient should not have been permitted to enter the
study, but the possibility of MSC contributing to pro-
gression of dysplasia to cancer cannot be entirely
discounted.



Figure 3.Mean CDAI by study visit (n ¼ 15). Restricted cubic
spline mean regression line with 95% confidence intervals
(shaded area). Data points for all patients are shown.
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All patients experienced dysgeusia, or distortion of
taste, which is known to occur from the cryopreserving
agent dimethylsulfoxide, which resolved within 36 hours
of infusion in all patients.

Other adverse events, possibly related to study
treatment, were as follows. Three patients noticed a low-
grade, self limiting headache for up to 2 hours, after
receiving MSCs on 2 occasions (n ¼ 1) or 1 occasion
(n ¼ 2). Two patients noticed mild nausea at the time of
headache on one occasion after receiving MSCs. One
patient developed a 3-day, self-limiting coryzal illness
between the first 2 MSC infusions, which did not lead to a
protocol change. Vaginal candidiasis was noted by pa-
tient 13 at day 8 of the study. Patient 15 developed a self-
limiting, 5-day episode of culture-negative, presumed
viral gastroenteritis, within 2 days of a similar illness in 2
close relatives, occurring between days 9 and 13. There
were no other infections. One patient with previous viral
Table 3.Quality of Life and CRP Outcome Data

Patient number IBDQ entry IBDQ day 42 AQoL

1 136 115
2 111 148
3 151 138
4 104 160
5 107 184
6 85 143
7 136 207
8 99 161
9 150 115
10 103 148
11 129 162
12 125 176 1
13 91 Not available
14 88 Not measured 1
15 142 152
16 93 94
hepatitis B and 1 patient with previous genital herpes
had no recrudescence of disease after MSC therapy.

One patient with pre-existing lymphopenia had a
further decrease in lymphocyte count, with a return to
prestudy lymphocyte count after the study. Two patients
developed mild lymphopenia; in 1 patient it spontane-
ously resolved within the 6-week study period. Three
patients had normalization of pre-existing mild lympho-
penia during the study. These changes were not consid-
ered directly attributable to MSC therapy. No instances of
neutropenia or thrombocytopenia occurred.

One patient with pre-existing increased alanine
aminotransferase levels had a further enzyme increase
to 10 times normal during the study. Although MSC
administration did not cause abnormal liver enzyme
levels, at the time we were unable to discount the possi-
bility that MSCs led to transient worsening of the previ-
ously increased enzyme level. Subsequent investigations
have led to a diagnosis of primary sclerosing cholangitis,
and it is considered that variation in liver enzyme levels
was not related directly to MSC. A further 3 patients
had transient increased alanine aminotransferase levels
to less than twice normal, and subsequent normalization.
These changes were not considered directly attributable
to MSC.

No infusion reactions occurred.
Discussion

This phase II study suggests efficacy of intravenous
allogeneic MSCs in luminal CD. In 15 patients with mod-
erate to severe active disease, refractory to anti–tumor
necrosis factor therapy, 4 infusions of 2 � 106 cell/kg at
weekly intervals led to clinical response in 12 patients
(80%), clinical remission in 8 patients (53%), and
endoscopic improvement in 7 patients (47%). Quality
of life improved, in parallel with improvement in CDAI.12
entry AQoL day 42 CRP entry CRP day 42

87 95 23 45
73 67 4.1 3.1
73 67 48 Not measured
85 64 9.5 5.5
98 58 6.6 4.4
79 79 21 16
67 41 13 2.9
90 72 2.9 5
58 43 20 1.9
73 61 36.9 36
85 67 3.1 1.4
00 77 13 18
80 Not available 6 Not available
17 Not measured 38 Not measured
76 81 30 13
96 104 2.3 6.1



Table 4. Adverse Events

n

Serious adverse events
Adenocarcinoma arising in a dysplasia-associated

lesion or mass
1

Adverse event definitely related to study treatment
Dysgeusia 16

Adverse events possibly related to study treatment
Headache 3
Infection: self-limiting presumed

viral/vaginal candidiasis
2/1

Nausea 1
Lymphopenia 3
Normalization of pre-existing lymphopenia 3
Increased alanine aminotransferase level 3
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Locally injected allogeneic MSCs are effective in perianal
fistulous CD,7 and our data show effectiveness for
luminal disease in a convincing way.

The transplantation of marrow-derived, or peripheral
blood–derived, stem cells requires cytotoxic myelo-
conditioning, and appears only in a minority of patients
to confer long-term remission of CD, and with significant
treatment toxicity.15,16 MSCs are progenitor cells with
immunologic properties that allow allogeneic adminis-
tration without tissue-matching or myeloconditioning.3

An anti-inflammatory effect is believed to occur in
association with an ability to home to sites of
inflammation.17

Rigorous safety evaluations of new therapies are
essential. For MSCs, clinical risk data largely stem from
studies in steroid-refractory GVHD. Other than the pos-
sibility of an increased short-term risk of pneumonia in
these highly immunocompromised patients, MSCs have
been considered safe.18 There are no reports of increased
risk from other infections or tumors, despite concerns
based on theoretical mechanistic grounds.19 No signifi-
cant adverse effects have been reported from CD studies
of locally administered allogeneic MSCs,7 intravenous
autologous MSCs,9 or intravenous allogeneic MSCs.20

We describe the occurrence of a stage I adenocarci-
noma within a dysplasia-associated lesion or mass
diagnosed 3 weeks after receiving 4 infusions of MSCs.
Although we cannot discount the possibility that MSCs
contributed to this event, we believe that the cancer
likely was present at index endoscopy; furthermore, that
the patient would not have been permitted to enter the
study had investigators been aware of the patient’s
background of colonic mucosal dysplasia and stricturing
CD. No other serious adverse events occurred. Cry-
opreserved cells are stored in dimethylsulfoxide, which
is required for cellular stability on thawing. It leads to an
altered taste sensation for 24 hours until excretion is
complete; patients were warned that this was likely to
occur.

The immunopathogenetic mechanism of MSCs in
treating CD is speculative, and is based on an
understanding of MSC function in animal models,
in vitro, and in patients with GVHD.3,6,17 In CD there is an
imbalance in T-cell subsets, including relative inactivity
of anti-inflammatory regulatory T-cell function, com-
pared with proinflammatory Th1 and Th17 cells.21 MSCs
are known to have inhibitory action on various cell lines
including effector and cytotoxic T cells, B cells, natural
killer cells, dendritic cells, and macrophages. By con-
trast, a facilitatory effect on regulatory T cells by MSCs
might help to re-establish the cellular milieu for disease
quiescence.17

However, there is much to learn and understand
about MSC function. In part, this relates to how an MSC is
defined and differences between MSC preparations used
in clinical trials. Relatively tight international guidelines
require MSCs to be plastic-adherent in culture, express
specific cell surface markers and lack others, and retain
the capability for trilineage differentiation in vitro.14

Beyond these requirements, a variety of differences in
MSC function may exist owing to, for example, variations
in healthy donor immune function, and the number of
cell doses obtained from a single donor.22 To minimize
these risks, our donors typically are younger than age 30
years and have no concurrent medical illness; cells are
cultured to no more than 5 cycles. Further, functional
differences in MSCs used in our study compared with
MSCs from other facilities may relate to our policy to use
CMV-negative donors, or our laboratory practice to
remove fetal bovine serum in the final stages of MSC
preparation. A high prevalence of antibovine antibodies
otherwise might lead to deleterious in vivo effects on
fetal bovine serum–cultured MSC function.22

Beyond possible functional differences in MSCs pre-
pared in different laboratories and from different donors,
it is reasonable to speculate that in vivo differences exist
between autologous and allogeneic MSCs. For CD pa-
tients in whom their disease is predicated by immune
dysregulation, autologous MSCs might be less effective
than allogeneic MSCs. Conversely, although MSCs are
considered to lack immunogenicity because of unique
HLA expression, it is conceivable that donor-specific anti-
HLA antibodies might develop with repeated infusions,
particularly in CD patients, in contrast to the highly
immunocompromised patient with GVHD.

We recognize the limitations of an unblinded non-
comparator study of a novel therapy. In establishing this
study, we considered it appropriate that preliminary ef-
ficacy and safety data should arise from such a phase II
evaluation; furthermore, that it be undertaken initially in
medically refractory disease. Despite the limitations of
this study design, we believe the validity of our conclu-
sions are supported by the positive results from the
primary outcome, and various subjective and objective
secondary outcome measures. In addition, although pla-
cebo response rates may be significant in CD studies, it
can be argued that the placebo response in CD patients
with biologic refractory moderate-to-severe disease is
very low.
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Our data do not address long-term efficacy in this
clinical setting, or allow for a determination of efficacy in
earlier-stage disease for inducing or maintaining disease
remission. Should subsequent evaluations in these set-
tings show effectiveness and relative safety compared
with current therapies, dose ranging or dose interval
evaluations also are required. Further, our safety data
should be considered preliminary because we cannot yet
provide long-term information on this small number of
patients. Mindful of these limitations, allogeneic MSCs
may represent a significant therapeutic alternative or
advance in treating luminal CD.
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