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In the gut of patients with Crohn’s disease (CD), high 
Smad7 blocks the immune-suppressive activity of trans-
forming growth factor (TGF)-β1, thereby contributing 
to amplify inflammatory signals. In vivo in mice, knock-
down of Smad7 with a Smad7 antisense oligonucleotide 
(GED0301) attenuates experimental colitis. Here, we 
provide results of a phase 1 clinical, open-label, dose-
escalation study of GED0301 in patients with active, 
steroid-dependent/resistant CD, aimed at assessing the 
safety and tolerability of the drug. Patients were allocated 
to three treatment groups receiving oral GED0301 once 
daily for 7 days at doses of 40, 80, or 160 mg. A total of 
15 patients were enrolled. No serious adverse event was 
registered. GED0301 was well tolerated and no patient 
dropped out during the study. Twenty-five adverse 
events were documented in 11 patients, the majority of 
whom were judged to be of mild intensity and unrelated 
to treatment. GED0301 treatment reduced the percent-
age of inflammatory cytokine-expressing CCR9-positive 
T cells in the blood. The study shows for the first time 
that GED0301 is safe and well tolerated in patients with 
active CD.
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online 17 January 2012. doi:10.1038/mt.2011.290

Introduction
Crohn’s disease (CD), a serious and chronic illness that primar-
ily affects the small intestine and colon, is characterized by seg-
mental, transmural inflammation, and tissue damage.1 Since the 
cause of CD is unknown, medical management of CD patients is 
largely symptom-based.2,3 Immunosuppressive drugs and antitu-
mor necrosis factor α antibodies promote mucosal healing4 but 
more than one-third of patients do not respond to these thera-
pies, efficacy may wane with time and the use of these drugs can 
increase the risk of opportunistic infections and malignancies.5–7 
Therefore, there is great interest in identifying new molecules/
pathways that can be therapeutically targeted in CD.

Novel therapeutic compounds have been predicated on 
the hypothesis that CD results from an exaggerated immune 
response, occurring in genetically susceptible individuals, and 
directed against components of the bacterial flora.8 Such hyper-
immune reactivity is in part dependent on the inability of the 
mucosal immune system to mount an effective counter-regulatory 
response.9,10 For example, in CD, there is a defective activity of 
the suppressive cytokine transforming growth factor (TGF)-β1, 
due to high levels of Smad7, an intracellular protein that binds to 
the TGF-β1 receptor and prevents TGF-β1-driven signalling.11,12 
Both T cells and non-T cells express high levels of Smad7 in CD 
tissue, and knockdown of Smad7 with a specific antisense oligo-
nucleotide restores TGF-β1 activity, with the downstream effect of 
inhibiting inflammatory cytokine production.11

To inhibit Smad7 in the gut, we developed an antisense 
oligonucleotide-containing pharmaceutical compound, herein 
termed GED0301. Details of the Smad7 antisense oligonucle-
otide have been previously described.11 Briefly, GED0301 is a 
synthetic single-stranded DNA oligonucleotide in which the 
internucleotide linkages are modified to O,O-linked phospho-
rothioates to increase oligonucleotide stability. The oligonu-
cleotide antisense matches the region 107–128 of the human 
Smad7 complementary DNA sequence and contains two CpG 
motifs which are chemically modified to avoid immunostimula-
tory effects. GED0301 is formulated as a solid oral dosage form. 
The formulation is protected by an external tablet coating made 
of pH (6.6–7.2)-dependent metacrylic acid polymers, which 
allow the antisense to transit through the stomach and proximal 
small intestine, and to be released only in the lumen of the ter-
minal ileum and right colon. Preclinical studies confirmed that 
orally administered GED0301 reaches the gut, where it is taken 
up by epithelial and lamina propria cells and that a single admin-
istration of the oligonucleotide antisense reduced the mucosal 
expression of Smad7, enhanced TGF-β1-associated Smad2/3 
phosphorylation and attenuated experimental colitis(ref. 13 
and data not shown). Altogether, these data support the concept 
that Smad7 constitutes a molecular target for direct therapeutic 
interventions in CD.
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Here, we provide results of a phase 1 clinical, open-label, dose-
escalation study of GED0301 in patients with active CD, aimed at 
assessing the safety and tolerability of the drug.

Results
Figure  1 shows the trial profile. A total of 15 patients were 
enrolled into the trial. The demographic and clinical characteristic 
of patients are shown in Table 1. There was no significant differ-
ences among cohorts. However, patients of cohort 1 had a longer 
disease duration as compared with the other two cohorts, as well 
as history of intestinal resection was more frequent in patients of 
cohorts 1 and 2 as compared to patients of cohort 3. All 15 patients 
completed the 7-day treatment and the 84-day follow-up period.

Safety and pharmacokinetics
No serious adverse event was registered. Twenty-five adverse 
events (AE) were registered in 11 patients, with the most common 
events reported as mild (Table 2). Investigators rated AE as not 
related to treatment in 14 (56%) cases. Eleven out of these 14 AE, 
including laboratory abnormalities, were registered in 8 patients 
before drug administration. AE were considered unlikely to be 
related to study drug in 12 (48%) of cases and probably related 
to study drug in one case (4%). This was an increase in the serum 
triglycerides count during the administration of the study drug. 
There was no apparent dose–response relationship in treatment-
emergent AE. One patient of cohort 2 had a mild relapse of the dis-
ease on day 84, while another one of the cohort 3 experienced two 
severe episodes of abdominal pain and vomiting which required 
a daily treatment with steroids. One patient treated with 80 mg/
day experienced high diastolic pressure on day 1, just few minutes 
after GED0301 administration and T wave inversion (in precor-
dial leads) on day 84. After carefully examination by cardiologists, 
both these AE were considered as secondary to the budesonide 
treatment received by the patient over the last months. An episode 
of allergic rhinitis was registered in one patient, with a history of 
allergic disease, on day 31. This AE resolved very quickly after a 
single administration of an antihistaminic compound.

There were no consistent laboratory abnormalities or changes 
in vital signs noted in any patient during the study. No sig-
nificant increase in the serum levels of complement factors was 
documented.

All the samples in the three cohorts yielded values below the 
lower limit of quantification, except one sample of a single patient 
from cohort 1 (patient 5, day 7, 6 hours), which gave a result of 
11.2 ng/ml GED0301.

Changes in circulating cytokine-secreting T cells 
following GED0301 treatment
We next examined whether GED0301 treatment associates with 
changes in the fraction of inflammatory/counter-regulatory lym-
phocytes. We were not allowed to perform colonoscopy and col-
lect biopsies from patients enrolled into this trial by the Ethics 
Committee. So, we restricted our analysis to blood cells and 
focused on various subsets of T  cells. GED0301 treatment did 
not alter significantly the percentage of circulating CD3−, CD4−, 
CD8−, CD25−, CD161−, CD62L−, α4β7−, and CCR9+ cells 
(Table 3). Moreover, no significant change in the fraction of inter-
leukin  (IL)-17A+, IL-10+, and FoxP3+ cells was seen following 
GED0301 treatment (Figure 2 and data not shown). Similarly, no 
significant change in the percentages of interferon (IFN)-γ- and 
IL-17A-expressing α4β7+ cells and FoxP3-expressing CD103+ 
cells was seen after GED0301 administration (data not shown). 
In contrast, on day 8, GED0301 treatment associated with a sig-
nificant reduction in the fraction of both IFN-γ-expressing cells 
and IFN-γ+ CCR9-expressing cells (Figure  2a,b). A significant 

21 Patients screened

6 Patients failed screening
Reason for exclusion:
4 CDAI <220
1 History of testicular cancer
1 Epilepsy

15 Patients assigned
to receive GED0301

5 Patients given
40 mg GED0301

5 Patients 
completed

5 Patients 
completed

5 Patients 
completed

5 Patients given
80 mg GED0301

5 Patients given
160 mg GED0301

Figure 1 T rial profile. CDAI, Crohn’s disease activity index.

Table 1 D emographic and clinical characteristic of the 15 Crohn’s 
disease patients

 

40 mg 80 mg 160 mg Overall

N = 5 N = 5 N = 5 N = 15

Cohort 1 Cohort 2 Cohort 3  

Gender, male: n (%) 3 (60) 4 (80) 4 (80) 11 (73)

Age: median (range) 38 (32–41) 34 (31–42) 39 (24–45) 37 (24–45)

Duration of CD:  
years median (range)

6 (1–29) 2 (1–5) 1 (1–9) 4 (1–29)

Previous I-C  
resection: n (%)

4 (80) 4 (80) 1 (20) 9 (60)

CD location: n (%)

  Terminal ileum 1 (20) 1 (20) 4 (80) 6 (40)

  Preanastomotic 4 (80) 4 (80) 1 (20) 9 (60)

CD behavior: n (%) 
inflammatory

5 (100) 5 (100) 5 (100) 15 (100)

Concomitant medication: n (%)

  Sistemic  
  corticosteroid

0 (0) 0 (0) 1 (20) 1 (6.6)

  Budesonide 4 (80) 2 (40) 3 (60) 9 (60)

  Mesalamine 3 (60) 4 (80) 5 (100) 12 (80)

Intolerance or unresponsiveness: n (%)

Immunosuppressive 
drugs

1 (20) 2 (40) 2 (40) 5 (33.3)

Anti-TNF 1 (20) 2 (40) 2 (40) 5 (33.3)

Abbreviations: CD, Crohn’s disease; TNF, tumor necrosis factor.
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decrease in the fraction of IL-17A+ CCR9-expressing cells was 
seen following GED0301 treatment but it was significant only at 
day 28 and 84 (Figure 2c,d). A slight but not significant increase 
in the fraction of FoxP3+ CCR9-expressing cells was seen at days 
8 and 28 following GED0301 treatment (Figure 2e,f).

To determine whether GED0301 directly inhibits the expres-
sion of inflammatory cytokines in CCR9-positive cells, periph-
eral blood mononuclear cells (PBMC) isolated from CD patients 
were cultured with GED0301 or control oligonucleotide and the 
fractions of cytokine-expressing CCR9-positive and β7-positive 
cells were then evaluated by flow cytometry. Treatment of CD 
PBMC with GED0301 (Smad7 antisense) significantly reduced 
the percentages of IFN- γ and IL-17A-expressing CCR9-positive 
cells (Figure  3a), while the fraction of cytokine-expressing 
β7-positive cells remained unchanged (Figure 3b).

Clinical response
At enrolment, the median Crohn’s disease activity index (CDAI) 
score of all patients was 287 (221–400) (Table  4). The median 
CDAI score was 289 (range 221–306) for patients of cohort 1, 
287  (range 252–400) for patients of cohort 2 and 287 (range 
221–400) for patients of cohort 3. At day 8, all 15 patients experi-
enced a clinical response, as defined by a decrease in CDAI score  

>70 points (Table  4 and Figure  4). To obtain preliminary evi-
dence of efficacy, a pooled analysis of all dose cohorts was initially 
performed. A significant decrease in CDAI score was seen from 
baseline to day 8 (P < 0.0001) (Table 4). At the same time point, 
clinical remission was registered in 12/15 (80%) of patients. In 
particular, 4/5 patients of cohort 1, 3/5 patients of cohort 2 and 
5/5 patients of cohort 3 had a CDAI score <150 (Figure 4). At 
day 28, clinical response was evident in all 15 patients (Table 4 
and Figure 4) and there was a significant decrease of CDAI score 
from baseline (P < 0.0001). Clinical remission was registered in 
13/15 patients (86%) (5/5 of cohort 1, 3/5 of cohort 2 and 5/5 of 
cohort 3) (Figure 4). At day 84, the total CDAI score was signifi-
cantly lower than that measured at baseline (Table 4, P < 0.0001) 
and 9/15 (60%) patients were still in remission. In particular, 
this was seen in 3 patients of cohort 1, 2 patients of cohort 2, 
and 4 patients of cohort 3 (Figure 4). A significant decrease of 
CDAI score from baseline to day 8, 28 and 84 was seen even when 
analysis was performed in each cohort (Table 4).

Discussion
In recent years, the advent of tumor necrosis factor blockers 
has brought remarkable improvement in the management of 
moderate-to-severe, steroid-dependent/resistant CD. However, 
partial or non-clinical response to these compounds remains 
a significant issue, suggesting the necessity of novel therapeutic 
strategies. In previous studies we have shown that in CD there is 
a defective activity of TGF-β1 due to the abundance of Smad7, an 
inhibitor Smad.11,12 In vivo in mice, oral administration of Smad7 
antisense oligonucleotide inhibits intestinal mucosal Smad7 
expression, restores TGF-β1 signalling and dampens CD-like 
experimental colitis,13 thus suggesting that Smad7 is a tractable 
target in CD.

This is the first clinical trial to directly target Smad7 in humans. 
Data suggest that oral administration of Smad7 antisense oligo-
nucleotide to patients with active CD is safe and well-tolerated. 
A diminished percentage of circulating inflammatory cytokine-
secreting T cells with gut homing properties was also seen follow-
ing GED0301 treatment.

GED0301 was well-tolerated as no serious adverse event was 
registered. The majority of AE were considered as mild and the 

Table 2  Adverse events registered during the study

 

Cohort 1 Cohort 2 Cohort 3

Grade

Association 
with study 

drug
No. of 
events

No. of 
events

No. of 
events

CD relapse 0 1 0 Mild UN (1)

Abdominal pain 0 0 2 Severe UN (2)

Vomiting 0 0 2 Severe UN (2)

triglycerides  
and/or cholesterol 
increased

0 0 3 Mild NT (3)

2 0 0 Mild UN (2)

1 0 0 Mild PR (1)

Bilirubin increased 3 0 0 Mild NT (3)

Lymphocyte  
count increased

0 0 1 Mild NT (1)

Serum potassium 
decreased

1 0 0 Mild NT (1)

Urinary leukocyte 
count increased

1 0 0 Mild NT (1)

0 0 1 Mild UN (1)

Urinary leukocyte 
esterases count 
increased

1 0 0 Mild NT (1)

Urinary tract 
infection

1 2 0 Mild NT (3)

Hypertension 0 1 0 Mild NT (1)

ECG alteration 
(inversion of T 
waves)

0 1 0 Mild UN (1)

Rhinitis 1 0 0 Mild UN (1)

Data indicate number of patients with at least one adverse event (number of 
patients with the documented association).
Abbreviations: CD, Crohn’s disease; ECG, electrocardiogram; NT, not related to 
study drug; PR, probably related to study drug; UN, unlikely to be related to 
study drug.

Table 3  Percentages of positive cells for the indicated markers at 
baseline and day 8 and day 28 after GED0301 treatment

 Baseline Day 8 Day28

Cells

  CD3+ 66.8% ± 12.5% 70.8% ± 12.5% 70.4% ± 10.3%

  CD4+ 44.8% ± 14.2% 50.4% ± 12.8% 50.7% ± 12.6%

  CD8+ 16.6% ± 6.6% 20.0% ± 6.2% 19.8% ± 5.4%

  CD25+ 44.2% ± 15.5% 39.2% ± 11.6% 39.4% ± 13.8%

  CD161+ 4.9% ± 2.8% 4.3% ± 2.7% 4.7% ± 4.6%

  CD62L+ 50.3% ± 13.7% 54.9% ± 11.6% 54.9% ± 12.9%

  CCR9+ 2.9% ± 1.6% 3.8% ± 3.1% 3.6% ± 2.8%

  α4β7+ 3.0% ± 1.5% 2.7% ± 2.1% 2.4% ± 1.3%

Cells were isolated from blood samples of all patients and analyzed by flow 
cytometry. Numbers indicate mean (s.d.) of all the experiments performed in 
all patients.
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only severe AE registered in 1 patient was considered as unrelated 
to study drug, because these AE occurred nearly 3 months later the 
end of the treatment. GED0301 has the same nucleotide sequence 
of the antisense oligonucleotide used in our preclinical studies in 
mice and monkeys (ref. 13 and data not shown), because Smad7 
is homologous across species. Results of the present study confirm 
our previous data showing that at therapeutic doses GED0301 is 
not toxic.13

Oral administration of GED0301 associated with a sig-
nificant decrease in the percentages of circulating IFN-γ - and 
IL-17A-expressing CCR9+ T cells and an increase, though not 
significant, of the fraction of Foxp3-expressing CCR9+ T cells. 
CCR9-expressing T cells are increased in the blood and intesti-
nal lamina propria of CD patients, express an activated phenotype 
and produce elevated levels of IFN- γ and IL-17A following in vitro 
stimulation with anti-CD3 or IL-12/IL-18, thus supporting their 
proinflammatory nature.14,15 CCR9-expressing T cells are primed 
in secondary lymphoid organs, such as the gut-associated lym-
phoid tissue, one of the sites where the intestinal immune system 
recognizes, interacts and respond to luminal antigens.16 In these 
lymphoid districts, antigen-activated T cells acquire tissue specific 

homing receptors, such as CCR9, which allow them to migrate 
to various nonlymphoid tissue sites (i.e., small intestinal lamina 
propria). CCR9 binds CCL25, a chemokine highly produced in 
the CD small intestine; so interactions between CCR9 and CCL25 
promote a selective recruitment of activated T cells from the blood 
to the small intestine.14,17,18 GED0301 was barely detectable in the 
plasma of only one patient, suggesting that the drug is not prob-
ably absorbed following oral administration. Thus, it is conceiv-
able that the regulatory effect of GED0301 on CCR9-expressing 
T cells occurs not systemically but in the gut-associated lymphoid 
tissue, where the abundance of Smad7 could interfere with the 
ability of TGF-β1 to enhance CCR9 on T cells and shift the T cell 
balance toward the mucosal tissue-homing of regulatory T cells.19 
We also show that in vitro treatment of CD PBMC with GED0301 
significantly reduced the percentages of CCR9+ cells expressing 
IFN-γ and IL-17A, suggesting that changes in the fraction of these 
cells in vivo in CD patients are due to a direct effect of GED0301 
on these cell types rather than reflecting fluctuations in disease 
activity.

Since this study was aimed at assessing safety and tolerability 
of GED0301 in man, it was designed without placebo. Despite this 
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Figure 2  Peripheral blood mononuclear cells (PBMC) were isolated from the 15 patients enrolled for the study at the indicated time points, 
stimulated as indicated in methods and then analyzed for the expression of (a) (IFN)-γ, (c) IL-17A, and (e) Foxp3 by flow cytometry. 
Additionally cells were costained with CCR9 antibody and (b) IFN- γ, (d) IL-17A, and (e) Foxp3. Data indicate mean ± SD of all experiments. IFN, 
interferon; IL, interleukin.
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limitation, we think it is fair to point out the clinical benefit docu-
mented in patients taking GED0301. Indeed, the percentages of 
patients reaching clinical response (100%) and remission (86%) in 
our study were markedly higher than those expected to be obtained 
with placebo treatment (≤30%).20,21 Clinical benefit induced by 
7-day treatment persisted over the time and some patients were 
still in remission at day 84. We do not yet known how long the 
oligonucleotide can persist in the human inflamed intestine, 
but data generated in mice indicate that the orally administered 
Smad7 antisense oligonucleotide disappears very quickly from the 
gut.13 It is thus unlikely that maintenance of remission seen at day 
84 is due to a persistent activity of GED0301. In this context, it is 
noteworthy that our results are consistent with previous studies 
showing that remission induced in CD patients with traditional 
and biological drugs can be maintained for a long period of time 
after the cessation of the treatment.2–4 We cannot exclude the pos-
sibility that the hospitalization and care of each patient, including 

a 24-hour assistance by a dedicated nurse, repeated clinical and 
hematochemical assessments, and improved medication compli-
ance could have influenced the general well-being of patients and 
the CDAI score.

The doses of GED0301 used in this study were selected taking 
into account our previous work showing that a single dose of 125 μg/
mouse Smad7 antisense oligonucleotide is safe and therapeutic in 
colitic mice.13 The group sizes of the present study were too small to 
appreciate any dose response. However, a greater response in terms 
of CDAI decrease was seen in the high-dose cohort. Baseline vari-
ables of patients in the three cohorts did not differ significantly, thus 
excluding the possibility that patients of cohort 3 had a less severe 
disease. By contrast, 4/5 patients of cohort 3 had previously received 
no surgical resection likely due to their shorter duration of the dis-
ease. It is thus tempting to speculate that patients with early onset 
CD might have the better response to GED0301.

In conclusion, the results of this exploratory phase 1, test-
ing a novel compound for active CD, are encouraging in terms 
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Figure 3  Peripheral blood mononuclear cells (PBMC) were isolated 
from five patients with active Crohn’s disease (CD) who were not 
enrolled for the study and cultured with medium (unstimulated = 
Unst) or Smad7 sense or antisense (AS = GED0301). After 48 hours, 
the percentages of (a) CCR9± and (b) β7± cells expressing interferon 
(IFN)-γ or IL-17A were evaluated by flow cytometry. Data indicate mean 
± SD of all experiments. *P ≤ 0.03. IFN, interferon; IL, interleukin.

Table 4 CD AI values of patients in the three cohorts at baseline, and 
day 8, 28, and 84 after GED0301 treatment

 

40 mg 80 mg 160 mg Overall

N = 5 N = 5 N = 5 N = 15

Cohort 1 Cohort 2 Cohort 3  

CDAI

  Baseline 289 (221–306) 287 (252–400) 287 (221–400) 287 (221–400)

  Day 8 86 (41–163) 126 (70–215) 53 (37–113) 89 (37–215)

  Day 28 93 (18–144) 133 (52–301) 71 (31–88) 88 (18–301)

Numbers indicate the median values (range).
Abbreviation: CDAI, Crohn’s disease activity index.
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Figure 4 C rohn’s disease activity index (CDAI) values of Crohn’s 
disease (CD) patients before (screening) and after (day 8, 28, and 
84) GED0301 treatment. CDAI values are shown for each patient 
enrolled in the three separate cohorts. Dotted line indicates the CDAI 
value discriminating patients with active disease (>150) from those with 
inactive disease (<150).
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of safe and tolerability. Although GED0301 treatment associates 
with reduction of signs and symptoms of CD, the ultimate efficacy 
profile of this approach will require confirmation in appropriately 
designed placebo-controlled clinical trials. Similarly, further work 
is needed to evaluate whether long-term therapy with GED0301 
can enhance the risk of fibrosis as TGF-β1 is one of the most pow-
erful inducer of fibrogenesis in many organs.22,23

Materials and Methods
Participants. Patients aged 18–45 years with a confirmed diagnosis of CD 
based on standard radiologic, endoscopic, and histologic criteria were eli-
gible for enrolment. Enrolment criteria included moderate-to-severe active 
disease at screening, which was defined as CDAI >220.24 CDAI score is 
used for serially quantifying degree of sickness in clinical trials of CD. It is 
based on eight clinical variables (i.e., number of liquid stools/day, abdomi-
nal pain, general well-being, occurrence of extraintestinal manifestations, 
use of antidiarrheal drugs, presence of abdominal masses, hematocrit, and 
body weight), each of whom is coded so that 0 corresponds to good health 
and increasing positive values correspond to greater degrees of sickness. 
CDAI values ≤150 generally indicate quiescent disease and those ≥450 
generally reflect extremely severe disease.

Patients had an inflammatory phenotype and were steroid-dependent 
and/or resistant. Definition of steroid dependence and resistance was 
described elsewhere.14 Concomitant steroid therapy was maintained 
during the 7-day treatment period. Patients were receiving no treatment 
with antitumor necrosis factor -α, other biologics, immunosuppressive 
drugs (e.g., azathioprine, 6-mercaptopurine, methotrexate) in the 90 days 
prior the enrolment. Patients were excluded if they were pregnant, smokers, 
had CD involving the stomach and/or the proximal small intestine and/
or the transverse and/or left colon. Patients were also excluded if they 
had local complications (e.g., abscesses, strictures, and fistulae) or had 
received proctocolectomy. Evidence of any active or recent infections or 
a history of malignancy were also exclusion criteria. Further exclusion 
criteria included any of the following alterations: partial thromboplastin 
time >1.5 upper limit of normality; platelet count ≤100,000/mm3; serum 
creatinine >1.5 ULN; total bilirubin >1.5 ULN (except Gilbert syndrome); 
transaminases >1.5 ULN; QTc interval >450 msec for males and >470 
msec for females. Female of childbearing potential used appropriate 
contraception. The study was conducted at the Tor Vergata University 
Hospital (Rome, Italy).

All patients gave written and informed consent at the time of 
enrolment. The protocol was approved by ethics committees at local centre 
and at the Istituto Superore di Sanità (Rome, Italy) and notified to the 
appropriate local regulatory authority. The study was done in accordance 
with the International Conference on harmonisation of Good Clinical 
Practice and with the Helsinki Declaration.

End points and assessments. This study was aimed at assessing the safety 
and tolerability of GED0301 in patients with active CD. The trial was a 
phase 1 clinical, open-label, dose-escalation study with three treatment 
arms of 40 mg (N = 5 patients, cohort 1), 80 mg (N = 5 patients, cohort 2), 
or 160 mg (N = 5 patients, cohort 3) GED0301 given orally once a day for 
7 consecutive days. Upon meeting entry criteria, patients were hospitalized 
and the day after they received the first dose of GED0301 at 8 AM before 
breakfast. Hospitalization was required to accurately monitor the safety 
profile of the study drug. Patients had no specific dietary restriction.

Safety assessments were performed daily and included analysis of 
AE, changes in vital signs, standard laboratory tests. An enzyme-linked 
immunosorbant assay was used to monitor complement activation (i.e., 
analysis of Bb, C5a, and C3a). All the above laboratory determinations 
were performed by the local laboratory. One patient per time was 
hospitalized, and during and at the end of the treatment (day 8), safety 
data were reviewed by a formally constituted safety assessment committee 

before enrol and treat the subsequent patient.
Patients were excluded from the study at any time after enrolment 

if they experienced a significant increase in CD symptoms. Additional 
reasons for study discontinuation included a serious adverse event or a 
severe AE or toxicity requiring discontinuation of GED0301 treatment.

For pharmacokinetic analysis, plasma samples were collected on day 
1 and 7 at 0, 2, 6, 12, 24-hours postdosing and stored at – 20 °C. GED0301 
was measured in plasma samples by Charles River (Edinburgh, UK) using 
a validated in-house method, which involves a hybridization/ligation 
reaction between complementary oligonucleotides. The lower limit of 
quantification was 7.5 ng/ml.

Changes in CDAI score were also registered to obtain preliminary 
evidence of efficacy of GED0301. To this end, clinical response was defined 
as decrease from baseline CDAI score of >70 points, while remission was 
defined as CDAI score <150.

Patients were discharged from hospital on day 8, and they returned 
for clinic visit and blood sample collection at days 28 and 84. Patients 
were requested to contact the referral center if any AE or clinical relapse 
occurred before the scheduled visits.

Cell cultures flow-cytometry analysis. All the reagents were from Sigma 
(Milan, Italy) unless specified. Peripheral blood was obtained from all 15 
CD patients after informed consent was provided. Samples were harvested 
into heparinized tubes and processed immediately. PBMC were obtained 
by density-gradient centrifugation, washed three times in cold phosphate-
buffered saline, and either used to assess cell surface markers by flow cytom-
etry or cultured in RPMI 1640 medium supplemented with 10% inactivated 
fetal bovine serum, penicillin (100 U/ml) and streptomycin (100 μg/ml) 
(complete medium) (Life Technologies-GibcoCRL, Milan, Italy). PBMC, 
isolated from further five active steroid-dependent CD patients, who were 
not enrolled into the trial, were resuspended in X-vivo serum-free culture 
medium (Lonza, Verviers, Belgium), supplemented with penicillin (100 U/
ml) and streptomycin (100 U/ml), and cultured in the presence or absence 
of Smad7 antisense (GED0301) or sense oligonucleotide (2 μg/ml) for 48 
hours. Both Smad7 antisense and sense oligonucleotides were combined 
with Lipofectamine 2000 according to the manufacturer’s instructions 
(Invitrogen, Carlsbad, CA). For flow-cytometry analysis, PBMC were 
stained with the following antibodies: anti-CD4-PerCP (BD Biosciences, 
San Jose, CA), anti-CD3-PerCP (BD Biosciences), anti-CD8-allophy-
cocyanin (BD Biosciences), anti-CD103-allophycocyanin (eBioscience, 
San Diego, CA), anti-CD161-APC (BD Biosciences), anti-CD-62L-APC 
(Biolegend, San Diego, CA), anti-CD25-PE (eBioscience), anti-β7-PE (BD 
Biosciences), anti-CCR9-APC (BD Biosciences). To assess the intracellular 
expression of FoxP3, PBMC were permeabilized with 0.5% saponin in 1% 
bovine serum albumin FACS buffer and stained intracellullarly with anti-
FoxP3-PE (eBioscience). To examine cytokine-expressing cells, PBMC 
were cultured in complete medium with Phorbol 12-myristate 13-acetate 
(10 ng/ml), ionomycin (1 μg/ml), and brefeldin A (10 μg/ml; eBioscience) 
for 5 hours, and then assessed by flow cytometry. All antibodies were used 
at 1:50 final dilution. Appropriate isotype-matched controls from BD 
Biosciences were included in all of the experiments. Cells were analyzed 
using a FACSCalibur cytometer and Cell-QuestPro software.

Statistical analysis. Differences between groups were compared using the 
Student’s t-test, Wilcoxon test or the Mann–Whitney U test. This study is 
registered with the EudraCT Number: 2009-012465-66 (http://eudract.
emea.europa.eu/index.html).
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