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Abstract 

Background: We explored whether stem cell therapy was effective for animal models and patients with Crohn’s 
disease (CD).

Methods: We searched five online databases. The relative outcomes were analyzed with the aid of GetData Graph 
Digitizer 2.26 and Stata 16.0 software. The SYRCLE risk of bias tool and the MINORS tool were used to assess study 
quality.

Results: We evaluated 46 studies including 28 animal works (n = 567) and 18 human trials (n = 360). In the animal 
studies, the disease activity index dramatically decreased in the mesenchymal stem cell (MSC) treatment groups 
compared to the control group. Rats and mice receiving MSCs exhibited longer colons [mice: standardized mean dif-
ference (SMD) 2.84, P = 0.000; rats: SMD 1.44, P = 0.029], lower histopathological scores (mice: SMD − 4.58, p = 0.000; 
rats: SMD − 1.41, P = 0.000) and lower myeloperoxidase levels (SMD − 6.22, P = 0.000). In clinical trials, stem cell trans-
plantation reduced the CD activity index (SMD − 2.10, P = 0.000), the CD endoscopic index of severity (SMD − 3.40, 
P = 0.000) and simplified endoscopy score for CD (SMD − 1.71, P = 0.000) and improved the inflammatory bowel 
disease questionnaire score (SMD 1.33, P = 0.305) compared to control values. CD patients maintained high remission 
rates for 3–24 months after transplantation.

Conclusions: Stem cell transplantation is a valuable supplementary therapy for CD.

Keywords: Stem cells, Crohn’s disease, Systematic review and meta-analysis, Crohn’s disease activity index, 
Histopathological score, Colon length, Remission rate
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Introduction
Crohn’s disease (CD), a form of inflammatory bowel 
disease (IBD), is an immune system-mediated, 
chronic systemic condition characterized by gas-
trointestinal inflammation and dysregulation of the 

mucosal-associated immune system [1, 2]. The annual 
incidence of CD ranges from 5.0 to 20.2 per 100,000 per-
son-years [3, 4], and CD affects more than 1 million peo-
ple in the USA. The pathogenesis is complex, featuring 
disturbance of the innate immune system and reduced 
gastrointestinal barrier protection. Infections and envi-
ronmental factors may trigger or exacerbate the disease 
[5]. Corticosteroids (CSs), immunomodulatory agents, 
and “biological therapies” including anti-TNF-α antibod-
ies are used to suppress intestinal inflammation. How-
ever, standard anti-inflammatory regimes do not halt 

Open Access

*Correspondence:  hccao@zju.edu.cn
1 State Key Laboratory for the Diagnosis and Treatment of Infectious 
Diseases, Collaborative Innovation Center for Diagnosis and Treatment 
of Infectious Diseases, The First Affiliated Hospital, Zhejiang University 
School of Medicine, 79 Qingchun Rd., Hangzhou City 310003, China
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-6604-6867
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13287-021-02533-0&domain=pdf


Page 2 of 20Wang et al. Stem Cell Res Ther          (2021) 12:463 

disease progression. Aggressive “biological therapies” 
are immunogenic, but their effects fade over time [6]. 
Approximately 25% of CD patients are refractory to such 
medications and respond to surgery only [7]. It is thus 
critical to enhance CD remission and reduce recurrence.

In recent years, developments in stem cell (SC) biol-
ogy and regenerative medicine have revealed that SCs 
unexpectedly can be used to treat autoimmune diseases. 
Mesenchymal stem cells (MSCs) and hematopoietic stem 
cells (HSCs) have been shown to counter rheumatoid 
arthritis, autoimmune hepatitis, and systemic sclerosis 
[8]. MSCs exhibit low immunogenicity and immunomod-
ulation. Randomized controlled experiments have shown 
that local MSCs injection improved CD-related perianal 
fistulation [9, 10]. HSCs transplantation restored immune 
tolerance and relieved CD [11]. SCs have been found to 
inhibit intestinal inflammation, promote long-term intes-
tinal mucosal healing, and significantly improve patient 
quality of life, making them a valuable alternative CD 
treatment. Several studies have evaluated the safety and 
effectiveness of CD stem cell therapy, but the results 
remain controversial. We thus systematically reviewed 
the literature and conducted a meta-analysis on the effec-
tiveness and safety of SC therapy.

Materials and methods
Search strategy
Five databases (PubMed, Embase, the Web of Science, 
the Cochrane Library, and Clinical Trials.gov) were 
searched from their inception dates to February 2021. 
The search string added the keywords focus on Crohn’s 
Disease (“Crohn’s Enteritis”, “Regional Enteritis”, “Crohn’s 
Disease”, “Crohns Disease”, “Inflammatory Bowel Disease 
1”, “Enteritis, Granulomatous”, “Granulomatous Enteritis”, 
“Enteritis, Regional”, “Ileocolitis”, “Colitis, Granuloma-
tous”, “Granulomatous Colitis”, “Ileitis, Terminal”, “Ile-
itis, Terminal”, “Terminal Ileitis”, “Ileitis, Regional” and 
“Regional Ileitis”) and stem cells (“stem cells” OR “pro-
genitor cells”, “hematopoietic stem cells”, “mesenchymal 
stem cells”, “bone marrow mononuclear cells”). We also 
reviewed secondary references. Two researchers inde-
pendently screened the titles and abstracts of all retrieved 
articles.

Study selection
Studies that met all of the following criteria were 
included: single-arm studies or randomized controlled 
trials including CD patients or animal studies; stud-
ies featuring SC therapy with no restriction imposed on 
the type of SCs, route of administration, or dose; and the 
inclusion of human CD clinical parameters [CD activ-
ity index (CDAI) scores, C-reactive protein (CRP) lev-
els, CD endoscopic index of severity (CD-EIS) scores, 

simplified endoscopy score for CD (SES-CD), inflamma-
tory bowel disease questionnaire (IBDQ) results] or ani-
mal disease activity index (DAI) scores, histopathological 
scores (HSs), colon lengths, myeloperoxidase (MPO) and 
cytokine levels. Case reports, repeat studies, reviews, and 
studies lacking full texts were excluded. If more than one 
article analyzed the same trial, we included only the latest 
report.

Data extraction and quality assessment
Two researchers independently evaluated article qual-
ity and extracted data by screening abstracts and full 
texts. A third researcher was consulted to resolve any 
disagreements. For animal studies, all relevant data were 
recorded in Microsoft Excel including the first author; 
year; location; mouse sex, strain, and weight; group num-
bers; modeling methods; modeling duration; type and 
source of MSCs; how MSCs were administered; times 
of treatment; and other parameters. For clinical trials, the 
following data were recorded: first author, year, location, 
size of the MSC group, size of the control group, male/
female ratio, type of SCs given, number of SCs admin-
istered, administration route, times of treatment, treat-
ment course and follow-up duration. The SYRCLE risk of 
bias tool was used to evaluate the quality of animal stud-
ies [12], and the quality of clinical studies was assessed 
with the aid of the MINORS tool [13]. We adhered to 
PRISMA guidelines for this systematic review and meta-
analysis [14].

Statistical analysis
The DAI was calculated from clinical parameters of 
inflammation (weight loss, diarrhea, and rectal bleeding) 
that reflect CD severity. CD morphological and patho-
logical changes were represented by the colon length and 
HS. The MPO level reflected the extent of neutrophil 
infiltration. The standardized mean difference (SMD) 
with the 95% confidence interval (CI) for each parameter 
was calculated to reveal changes after stem cell therapy 
in animals. For data from human studies, the means and 
standard deviations (SDs) of continuous variables (CDAI, 
CD-EIS, SES-CD and IBDQ scores and the CRP level) 
were subjected to SMD analysis. We used odds ratios 
(ORs) with 95% CIs to determine “remission rates.” Medi-
ans with percentiles were converted to means with SDs. 
If only figures were presented, two researchers indepen-
dently used GetData Graph Digitizer ver. 2.26 to extract 
data and compute the means [15]. Among-study hetero-
geneity was examined using the I2 test. An I2 value ≤ 50% 
indicated homogeneity and a fixed-effect model were 
employed. An I2 value > 50% indicated heterogeneity, 
and a random-effect model was used instead. Subgroup 
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analyses were performed to evaluate heterogeneity. We 
employed STATA ver. 16.0 to create forest plots and 
facilitate the meta-analysis. We used the Begg and Egger 
tests in STATA (with the significance level set to P < 0.1) 
to evaluate publication bias. All tests were two-sided, and 
P < 0.05 was considered to indicate statistical significance.

Results
Search results
A total of 1002 studies were retrieved, from which 262 
duplications were initially removed. A review of the titles 
led to the removal of 380 irrelevant papers; a further 243 
were excluded after reading the abstracts. A total of 117 
full-text studies were carefully reviewed, of which 61 were 
excluded for lack of data, 10 because they were off-topic, 
and 1 because the full text was unavailable. Finally, 28 ani-
mal studies [16–43] and 18 human studies [44–61] were 
selected for the meta-analysis (Fig.  1). Funnel plots were 
used to evaluate publication bias (Additional file 1: Fig. S1).

Animal studies
Study characteristics and quality
A total of 487 mice and 80 rats were used; 78% of all mice 
were of the C57BL strain, 19.9% were of the BALB/C 
strain, and 2.1% were of the NOD.CB17-Prkdcscid/J 
strain. Of all rats, 20% were of the Wistar strain, 42.5% 
were of the Sprague–Dawley strain, and 37.5% were of 
the Lewis strain. All 28 studies used one of two mod-
els: either CD groups consumed dextran sodium sulfate 
(DSS) in water while controls received regular water or 
colitis was induced by intrarectal administration of trini-
trobenzene sulfonic acid (TNBS) in ethanol (controls 
received ethanol only). Information on study charac-
teristics, study quality, and publication bias is shown in 
Table 1, Additional file 1: Table S1, and Fig. S1.

Disease activity index
Of the 28 studies, 12 [16, 18–23, 25, 27, 28, 31, 32] 
reported DAI scores, 9 on day 1 (n = 118 animals), 
9 on day 3 (n = 118), 11 on day 5 (n = 134), 3 on day 7 
(n = 124), and 5 on day 9 (n = 64). A random effects 
model was chosen for analysis, and the Cohen method 
was used to assess differences in DAI between the treat-
ment and control groups. Subgroup analyses showed 
that the experimental DAI scores were significantly 
lower than the control scores on day 1 (SMD − 0.99, 
95% CI − 1.95 to − 0.02, I2 = 78.1%, P = 0.000), day 
3 (SMD − 1.67, 95% CI − 2.54 to − 0.80, I2 = 72.1%, 
P = 0.000), day 5 (SMD − 2.08, 95% CI − 3.14 to − 1.02, 
I2 = 80.6%, P = 0.000), day 7 (SMD − 1.84, 95% CI − 3.17 
to − 0.52, I2 = 86.4%, P = 0.000) and day 9 (SMD − 3.63, 
95% CI − 5.58 to − 1.68, I2 = 79.6%, P = 0.001) (Fig.  2). 

Each subgroup exhibited evidence of heterogeneity, 
which was alleviated in all but the day 5 subgroup after 
one or two studies were deleted (Additional file  1: Fig. 
S2 and Fig. S3). The heterogeneity exhibited by the day 
3 and 9 subgroups fell to moderate levels after delet-
ing the studies of Banerjee et al. [23] and Gonzalez-Rey 
et al. [21]; and Gonzalez-Rey et al. [21], respectively. The 
heterogeneity associated with the day 1 and 7 subgroup 
disappeared after excluding Kawata et al. [32] and Forte 
et al. [16]; Gao et al. [18], Gonzalez-Rey et al. [21] and Ji 
Young Lim et al. [26], respectively.

Colon length
As animal colon lengths differ, we evaluated mice and 
rat data separately. 18 studies [19, 21–26, 28–34, 36, 38, 
39, 41] described mouse colon lengths (n = 338 mice). 
We used a random-effects model to compare colon 
lengths between treatment and control groups employ-
ing the Cohen method. Colon lengths increased mark-
edly in the experimental groups (SMD 2.84, 95% CI 1.80 
to 3.88, I2 = 87.688.9%, P = 0.000). As the I2 value was 
high, we performed subgroup analysis by MSC type. Sub-
group heterogeneity was low except in the bone marrow-
derived MSC (BM-MSC) group (Fig. 3a).

Three studies [18, 41, 43] (n = 42 animals) reported rat 
colon lengths; we again used a random-effect model to 
compare colon lengths between the treatment and con-
trol groups while employing the Cohen method. Colon 
lengths in the experimental groups were longer than 
those in the control groups (SMD 1.44, 95% CI 0.04–2.84, 
I2 = 71.7%, P = 0.029) (Fig.  3b). Heterogeneity was high; 
sensitivity analysis showed that this was explained by the 
work of Gao et al. [18]. After this was excluded, the level 
of heterogeneity decreased (I2 = 40.2%, P = 0.003) (Addi-
tional file 1: Fig. S4).

Histopathological scores
In mice, compared to the control groups, the 
HS decreased significantly after transplantation 
(SMD − 4.58, 95% CI − 5.80 to − 3.35, I2 = 89.6%, 
P = 0.000). Subgroup analysis by the model used 
showed that the HS for the DSS group (SMD − 4.96, 
95% CI − 6.66 to − 3.27, I2 = 91.2%, P = 0.000) was 
lower than that for the TNBS group (SMD − 3.76, 95% 
CI − 5.45 to − 2.06, I2 = 83.8%, P = 0.000) (Additional 
file  1: Fig. S5). Both subgroups exhibited evidence of 
high heterogeneity. Subgroup analysis by MSC type in 
the DSS group indicated that BM-MSCs (SMD − 6.25, 
95% CI − 11.60 to − 0.90, I2 = 96.1%, P = 0.000) 
imparted better effects than did other MSC types 
(Fig.  4a). The heterogeneity observed in the subgroup 
analyses was attributable to the studies of Ikarashi et al. 
[27] and Song et  al. [24] in the adipose-derived MSC 
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subgroup, Nikolic et al. [41] in the BM-MSC subgroup, 
and Gonzalez-Rey et  al. [21] and Li et  al.  [39] in the 
umbilical cord-derived MSC (UC-MSC) subgroup. 
After excluding these studies, the level of heterogene-
ity decreased in the adipose-derived MSC subgroup 
(I2 = 0), BM-MSC subgroup (I2 = 76.5%), and UC-
MSC subgroup (I2 = 22.6%) (Additional file  1: Fig. S6). 
The subgroup analysis of TNBS group decreased the 

heterogeneity to a lower level (Additional file  1: Fig. 
S7A).

For the three rat studies [26, 35, 42] (n = 54 animals), 
the HS was lower in the experimental groups than in the 
control groups (SMD − 1.41, 95% CI − 2.02 to − 0.81, 
I2 = 0, P = 0.000) and heterogeneity was lacking (Fig. 4b).

Fig. 1 Flowchart of study selection. A total of 1002 records were retrieved; after application of the inclusion criteria, 28 animal studies and 18 
human trials remained
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Fig. 2 Forest plot of mouse follow-up DAI scores. Compared to the controls, DAI scores decreased in the experimental groups on days 1, 3, 5, 7, 9, 
and 11 after MSC transplantation
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Fig. 3 Forest plots of subgroup analyses by colon length and MSC type for a mouse groups and b rat groups. After treatment, the colon lengths 
in the experimental groups were longer than those in the controls, indicating that colitis was alleviated. All mouse subgroups (except the BM-MSC 
subgroup) exhibited low-level heterogeneity
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Fig. 4 Forest plot of histopathological score (HS) level. a Forest plot of the HSs in mouse groups undergoing MSC transplantation and control 
groups. b Forest plot of rat HSs after MSC transplantation. The HSs decreased significantly after MSC transplantation in both DSS-induced CD mouse 
and rat groups
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Myeloperoxidase level
Six studies [17, 21–23, 28] reported MPO levels (n = 102 
animals). The meta-analysis indicated that the MPO level 
in the treatment groups was significantly lower than 
that in the control groups (SMD − 6.22, 95% CI − 9.20 
to − 3.32, I2 = 90.8%, P = 0.000) (Additional file  1: Fig. 
S7B). The level of heterogeneity could not be reduced by 
excluding any one or two studies.

Cytokine level
21 studies showed the level of cytokines before and after 
the treatment [16–19, 21, 22, 24–27, 29–33, 36, 37, 39, 40, 
42, 43]. In both mRNA and protein level, there was a dra-
matic decrease in IL-6 [mRNA(GAPDH): SMD − 1.18, 
95% CI − 1.77 to − 0.60, I2 = 0, P = 0.000; protein (colon): 
SMD − 3.75, 95% CI − 5.18 to − 2.33, I2 = 77%, P = 0.000], 
IL-17 [mRNA(GAPDH): SMD − 0.66, 95% CI − 1.21 
to − 0.11, I2 = 0, P = 0.000; protein (colon): SMD − 3.51, 
95% CI − 5.44 to − 1.58, I2 = 76%, P = 0.000] and TNF-α 
[mRNA (GAPDH): SMD − 0.88, 95% CI − 1.54 to − 0.23, 
I2 = 34.3%, P = 0.000; protein (colon): SMD − 2.24, 95% 
CI − 3.04 to − 1.43, I2 = 5%, P = 0.000] compared with 
the control group (Additional file 1: Fig. S8 and Fig, S9). 
IL-10, which is an anti-inflammatory cytokine, increased 
after the treatment in mRNA level [mRNA (β-actin): 
SMD 4.30, 95% CI 2.17–6.43, I2 = 84.7%, P = 0.000] 
(Additional file 1: Fig. S8–S9).

Human studies
Description and quality assessment
We evaluated 18 human studies including 360 patients. 
The clinical characteristics, results of quality evaluation, 
and patient demographics are summarized in Table 2.

Crohn’s disease activity index
Eleven [44, 46–48, 50, 53–55, 57, 59, 60] of the 18 stud-
ies included CDAI scores, which were significantly 
lower in the transplantation groups compared to the 
control groups (SMD − 2.10, 95% CI − 2.88 to − 1.32, 
I2 = 85.8%, P = 0.000). Subgroup analysis by stem cell type 
revealed that HSCs (SMD − 3.70, 95% CI − 5.14 to − 2.25, 
I2 = 83.8%, P = 0.000) afforded more stable outcomes 
than did MSCs (SMD − 1.07, 95% CI − 1.56 to − 0.59, 
I2 = 47.7%, P = 0.000) (Fig. 5). After excluding the studies 
of Oyama et al. [60] and Cassinotti et al. [57], I2 decreased 
from 83.6% to 64.6% (Additional file  1: Fig. S10A). In 
addition, the subgroup analysis by the source of stem 
cells indicated that the effect of autologous stem cells 
(SMD − 2.42, 95% CI − 3.51 to − 1.33, I2 = 88%, P = 0.000) 
was better than the allogeneic stem cells (SMD − 1.48, 
95% CI − 2.41 to − 0.55, I2 = 62.9%, P = 0.000) (Additional 
file 1: Fig. S10B). The stem cells were injected for differ-
ent times in the studies we evaluated. In order to find the 

better treatment times, we did another subgroup analysis 
focus on the times of treatment. The result showed that 
the CDAI score of groups injected once (SMD − 2.96, 
95% CI − 4.19 to − 1.73, I2 = 85.9%, P = 0.000) decreased 
more than other groups which was injected stem cells 
twice or fourth times (Additional file 1: Fig. S11).

Remission rates
Clinically, a CDAI < 150 is defined as indicating remis-
sion. Fourteen studies [44, 45, 49–52, 54–61] reported 
the numbers of patients in remission after treatment. 
The remission rates at 1, 3, 6, 12, 24, and 36 months after 
transplantation were 43% (95% CI 0.12–0.76, I2 = 85.09%, 
P = 0.000), 68% (95% CI 0.19–1, I2 = 84.78%, P = 0.000), 
73% (95% CI 0.51–0.91, I2 = 66.6%, P = 0.000), 54% (95% 
CI 0.22–0.85, I2 = 92. 96%, P = 0.000), 52% (95% CI 0.37–
0.66, I2 = 22.18%, P = 0.000), and 43% (95% CI 0.22–0.65, 
I2 = 65.44%, P = 0.000), respectively (Fig. 6).

Endoscopic sore
In clinical, CD-EIS and SES-CD were always used to 
access endoscopic activity of CD patients. Three stud-
ies [44, 51, 54] reported CD-EIS data, and another three 
studies [48, 54, 57] used SES-CD to access the endo-
scopic remission. The CD-EIS scores for the cell trans-
plantation groups were lower than the pretreatment 
scores (SMD − 3.40, 95% CI − 6.75 to − 0.05, I2 = 96%, 
P = 0.000). In the same way, the SES-CD score of people 
who received stem cell treatment reduced compared with 
the score before treatment (SMD − 1.71, 95% CI − 2.61 
to − 0.82, I2 = 55.4%, P = 0.000) (Fig. 7a).

Quality of life
The IBDQ is always used to assess the quality of life of 
CD patients. Higher score means better quality of life. 
Four studies [48, 53, 54, 57] provided such data. After 
transplantation, the quality of life improved (SMD 1.33, 
95% CI 0.89–1.77, I2 = 17.3%, P = 0.305). The subgroup 
analysis showed that the groups injected HSC (SMD 1.37, 
95% CI 0.70–2.03, I2 = 44.2%, P = 0.000) had a higher 
IBDQ score than the groups received BM-MSC treat-
ment (Additional file  1: Fig. S12A). In addition, it was 
indicated that after the therapy for 12 months, the IBDQ 
score increased compared with the score accessed after 
the treatment less than 6 months (Fig. 7b).

Laboratory tests
CRP levels are acutely elevated during infection or 
inflammation. Five studies [53–56, 60] reported CRP 
data; the levels did not differ greatly before and after 
treatment (SMD − 0.06, 95% CI − 0.39 to 0.27, I2 = 0, 
P = 0.988) (Additional file 1: Fig. S12B).
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Adverse events, complications and recurrence
430 cases of adverse effects were reported in 18 studies, 
and there were 3 studies [46, 50, 54] showing the data 
about the number of the adverse events in both experi-
mental groups and placebo groups. The heterogeneity 
was low across each trial (I2 = 45.8%, P = 0.16) (Addi-
tional file 1: Fig. S12C). Common adverse events included 
viral infections, fever, neutropenia, adrenal insufficiency, 
and headache. After HSC transplantation, the main 
adverse reaction was infection during HSC mobiliza-
tion and regulation. Two patients died of cytomegalovi-
rus infections. Thus, during HSC mobilization, the drug 
doses prescribed and patient care are critical. In the MSC 
transplantation group , the main adverse reactions were 
fever and headache, which were mild and often self-
healing. One patient developed well-differentiated stage 
I sigmoid colon adenocarcinoma; active enteritis had dis-
couraged exploratory endoscopy.

A total of 7 studies (n = 82) reported the recurrence 
data and relapses occurred in 29 patients. There was 10 
relapsing within one year after the treatment, and the rest 
3, 15 and 1 patients presented clinical and/or endoscopic 
relapse after 12 months, 53.1 weeks and 15 months after 
transplant, respectively.

Discussion
CD is usually treated by addressing the symptoms. How-
ever, many patients relapse, and the preferred drugs can 
have very serious side effects. An effective and safe treat-
ment is urgently required. We explored whether SCs 
could be used to treat CD in animals and human. SCs 
reduced intestinal inflammation, enhanced (endoscopi-
cally evaluated) mucosal healing, and improved the qual-
ity of life in CD patients. SC transplantation should be 
recommended in clinical practice.

After subgroup and sensitivity analyses, heterogene-
ity among studies remained very high, attributable to the 
injection method and model used as well as differences in 
stem cell types. Of 28 animal studies, 14 featured intra-
peritoneal injections, 7 tail vein injections, and the rest 
other injections. Two different mouse CD models (DSS 
and TNBS) were employed; DSS concentrations ranged 
from 1.25 to 5% (w/v), and the model duration ranged 
from 3 to 34  days. Finally, SC donor age, health status, 
whether the cells were frozen, endpoints, and whether 
the cells came from the same species as the recipient may 
all impact the therapeutic effect. More high-quality clini-
cal and animal trials are required.

Fig. 5 Forest plot of Crohn’s disease activity index (CDAI) scores for clinical trial. Subgroup analysis by stem cell treatment type revealed that the 
CDAI score decreased after treatment
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We compared the responses of animals with DSS- and 
TNBS-induced CD to MSC treatment. MSCs were ther-
apeutic in both models, but more so in the DSS model. 
Similarly, in mice with CD, BM-MSCs had a stronger 
therapeutic effect than did other MSCs.

The safety of SC therapy requires attention. We found 
that the HSC treatment group was more prone to adverse 
reactions such as viral infections, which often accom-
pany HSC mobilization and regulation. It is clear that CD 
patients are at higher risk of infection compared to those 
who undergo transplantation to treat cancer or other dis-
eases that do not involve the intestinal tract. During SC 
mobilization, patient immunity is reduced and the risk 
of infection is higher. Therefore, patients should be care-
fully nursed during mobilization and reasonable drug 
levels should be prescribed to reduce the development 
of adverse reactions. To prevent complications in CD 
patients with perianal disease, it is advisable to perform 

drainage, implement strict hygiene measures for contact, 
and prescribe adequate antibiotic prophylaxis [62]. The 
implementation of such measures in recent studies dra-
matically improved safety [52]. MSCs derived from bone 
marrow or the umbilical cord were associated with lower 
risks of infection, and most side effects were mild and not 
associated with MSC injection. UC-MSCs are obtained 
easily and less invasively, as the donors are young [63], 
their cell status is good, and the immunogenicity is low. 
In summary, both treatment efficacy and the type of ther-
apy require attention.

However, the pathogenesis of CD is complex and 
remains poorly understood [64]. The western diet has 
been suggested to contribute to the rising incidence of 
inflammatory bowel diseases. A recent study reported 
that the interaction between fructose and its trans-
porter, GLUT5, could shape the colonic microbiota and 
then impact the severity of CD [65]. Another studies 

Fig. 6 Forest plots of subgroup remission rates by time. The remission rates at 1, 3, 5, 12, 24, and 36 months after st em cell therapy were 43%, 68%, 
73%, 54%, 52%, and 46%, respectively, thus both high and stable
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Fig. 7 Forest plots of Crohn’s disease endoscopic index of severity (CD-EIS), simplified endoscopy score for CD (SES-CD) and inflammatory bowel 
disease questionnaire (IBDQ). a Forest plots of CD-EIS and SES-CD. After the SC treatment, CD-EIS and SES-CD were lower than the pretreatment 
score. b Forest plots of subgroup IBDQ by time. The IBDQ score after stem cell treatment increased compare with the score before stem cell 
transplantation
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showed that serum exosomes could circulate into the 
intestinal mucosa, regulating macrophage activation 
and epithelial barrier function to aggravate colitis [66]. 
Additionally, immune system disorders are clearly in 
play. Researchers found that advanced oxidation protein 
products (AOPPs), mainly deposited in macrophages of 
CD patients, induced macrophage’s lysosomal dysfunc-
tion and M1 polarization, which could lead to the intes-
tinal inflammation [67].  CD4+ T cells are involved in 
CD initiation and development, and Th1 or Th2 cells are 
involved in inflammation [68–70]. The levels of mucosal 
 CD4+ helper T cells that secrete effector cytokines such 
as TNF-α and IFN-γ are abnormally high in the guts of 
CD patients [71]. Immunomodulatory mechanisms are 
constrained in such patients. For example, the numbers 
of immunosuppressive regulatory T cells are signifi-
cantly reduced in CD patients [72]. The development and 
maintenance of intestinal inflammation in CD patients 
probably reflect an imbalance between pro- and anti-
inflammatory mechanisms. MSC secrete growth factors, 
exosomes, cytokines, and metabolites that inhibit inflam-
mation, restore the intestinal mucosal barrier, and are 
protective. HSCs regenerate self-tolerant lymphocytes in 
non-inflammatory environments after conditioning that 
induces an immediate immune cease-fire [73].

Besides MSCs, cytokines and extracellular vehicles 
(EVs) which are released by MSC also have the therapeu-
tic effect on CD. Because of the low immunogenic pro-
file, which decreases the potential for cell rejection and 
graft-versus-host-disease, more and more studies begin 
to focus on the paracrine action of MSC. Neda Hei-
dari et  al. [74] and Ju-Hyun An et  al. [75] showed that 
exosomes and prostaglandin E2, isolated from adipose-
derived MSC (ASC), could regulate the Treg population 
and improve acute colitis inflammation induced by DSS.

Stem cell therapy is not only useful for refractory lumi-
nal CD, but also shows good effect on the complica-
tions of CD [76]. About 20% of CD patients develop to 
perianal fistulizing Crohn’s disease (pCD), and it is easy 
to recur [77]. Cx601 (darvadstrocel) is a suspension of 
human allogenic ASC and its indication is the complex 
pCD [78]. A lot of clinical trials have proved the effective-
ness of treatment for pCD [79–81]. The strong evidence 
was mainly from a randomized, double-blind, placebo-
controlled, multicenter trial (ADMIRE-CD), which indi-
cated that patients who received ASC transplantation 
had a higher rate of combined remission than the placebo 
group.

Our work had certain limitations. First, most human 
studies were single-arm trials with few patients and thus 
of low quality. Second, CD-EIS, SES-CD data (which 
reflect endoscopic mucosal healing), IBDQ scores (which 
reflect the quality of life) and pathological grading were 

lacked in some studies. Any role for SCs in CD alleviation 
requires further evaluation.

Conclusion
We carefully reviewed whether SC therapy improved CD. 
Stem cell transplantation reduced gut inflammation and 
improved the quality of life. However, more high-quality 
randomized controlled clinical trials and basic research 
are required.
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