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BACKGROUND

Inflammatory bowel disease (IBD) is a group of 

chronic inflammatory conditions of the gastrointes-

tinal tract characterized by an increased mucosal 

immune response. The most significant IBDs in-

clude Crohn’s disease and ulcerative colitis, which 

are common symptoms of chronic inflammation 

and structural damage to the gastrointestinal tract. 

Crohn’s disease can affect any part of the gastroin-

testinal tract, from the mouth to the anal sphincter; 

most often the distal parts of the small intestine (il-

eum) are affected in the area of   the ileocecal junc-

tion. Sometimes there is a selective lesion of the 

parts of the gastrointestinal tract, in other cases, the 

pathological process extends to the entire thickness 

of the intestinal wall [1].

In ulcerative colitis, only the colon and rectum are 

damaged. Inflammation occurs in the innermost layer 

of the intestinal mucosa, usually in the rectum and 

lower colon, but can also spread progressively and 

affect the entire colon. Common symptoms for all IBD 

are chronic diarrhea, abdominal pain, rectal bleeding, 

weight loss, asthenia, and decreased quality of life. 

In some rare cases, the diagnosis of Crohn’s disease 

and ulcerative colitis is difficult to differentiate, and 

then the diagnosis of unspecified colitis is made [2]. 

The etiology of IBD is not fully understood: it is as-

sumed that they are the result of a pathology of the 

immune system. In IBD, the immune system is thought 

to inadequately respond to environmental triggers, 

which causes inflammation of the gastrointestinal 

tract. This abnormal immune response is thought to 

occur in people with a relevant family history who 

have inherited certain alleles of HLA and other genes 

that predispose to IBD [3].

More than 4 million people in the United States and 

Europe suffer from IBD, while the overall prevalence 

of the disease exceeds 0.5% among the population 

of the developed world. 70,000 new cases of IBD are 

diagnosed in the United States each year, adding to 

the country’s overall annual financial burden by more 

than $ 31 billion [4, 5]. Most patients are diagnosed with 
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these chronic lifelong diseases before the age of 35, 

which significantly affects the quality of life and finan-

cial costs of patients. In addition, IBD patients are at 

risk of developing a number of serious diseases, such 

as colon cancer, venous thrombosis and primary scle-

rosing cholangitis [4, 5].

In some cases, the treatment of severe IBD requires 

surgical removal of damaged areas of the gastrointes-

tinal tract, however, in recent decades, drug therapy 

has been mainly used with the help of five main groups 

of drugs [4] — aminosalicylates, corticosteroids, immu-

nosuppressants, antibiotics, and tumor necrosis factor 

inhibitors.

Aminosalicylates such as sulfasalazine, balsalazide, 

mesalamine, and olsalazine, taken orally or rectally, re-

duce inflammation of the intestinal wall and are used 

primarily to treat ulcerative colitis, but are not as effec-

tive in Crohn’s disease.

Corticosteroids, such as prednisolone and budes-

onide, reduce immune inflammation, but are effective 

only for short-term use during exacerbations. Chronic 

use of corticosteroids is fraught with side effects as-

sociated with immunosuppression, the development of 

steroid-type obesity, sleep disturbance and other com-

plications.

Immunosuppressants such as azathioprine, 6-mer-

captopurine (6-MP), and methotrexate affect the im-

mune system, are toxic, and are commonly used to 

maintain remission in patients who are not responding 

to other drugs or who are only responding to steroids.

Antibiotics, in particular ciprofloxacin and metroni-

dazole, are of moderate benefit in patients with Crohn’s 

disease affecting the colon or the area around the 

anus. The drugs are used when pararectal abscesses 

and fistulas occur.

The most modern group of drugs for the treatment 

of IBD are inhibitors of tumor necrosis factor alpha 

(TNF-α), including adalimumab, certolizumab pegol, 

golimumab and infliximab, etc. These drugs have a 

pronounced anti-inflammatory effect, are used to treat 

patients suffering from IBD in severe form, in the ab-

sence of a sufficient effect from standard treatment, 

but, unfortunately, their use is also not always effective. 

In particular, the experience of long-term use of inflixi-

mab showed that up to 1/3 of patients do not respond 

to anticytokine therapy due to primary resistance to it 

or due to the development of secondary resistance [6]. 

In addition, sometimes severe complications can oc-

cur, including bacterial, viral, and fungal infections, and 

an increased risk of lymphoma, colorectal cancer, and 

other cancers.

THERAPY OF INFLAMMATORY INTESTINAL 
DISEASES USING MESENCHIMAL STROMAL 
CELLS
Remission when using traditional methods of IBD 

therapy is, according to some estimates, 20-30%, 

maximum 50% with combination therapy [7]. A very 

promising direction in the treatment of IBD is the use 

of cell therapy using mesenchymal stromal cells (MSC). 

Properties and mechanisms of action of MSCs 
MSCs are multipotent stromal cells that can be 

isolated from bone marrow, adipose tissue, dental 

pulp, skeletal muscle, etc. [8–11]. MSCs express class 

I molecules of the major histocompatibility complex 

(MHC) at a low level and do not express MHC class 

II; therefore, they can be used for allogeneic trans-

plantation [12]. MSCs express markers CD73, CD90, 

and CD105 but do not express hematopoietic mark-

ers CD34 and CD45, as well as the endothelial marker 

CD31 [13], and can differentiate into adipocytes, os-

teoblasts, chondrocytes, myoblasts, and neural pro-

genitor cells [14, 15].

The first mechanism of action of MSCs described for 

autologous cell preparations is their ability to migrate to 

the pathological focus and differentiate with the forma-

tion of fibroblasts, pericytes, osteo- and myoblasts and 

thus replenishment of damaged cells and tissues of the 

body (skin, cartilage, bones, muscles, etc.) [14, 16]. The 

second mechanism of action of MSCs, characteristic 

of both autologous and allogeneic transplanted cells, 

is their paracrine activity. Migrating to sites of injury 

and inflammation, MSCs secrete a large amount of cy-

tokines (mainly anti-inflammatory) and growth factors 

(VEGF, FGF, IGF, PDGF, etc.) and thus help to reduce 

inflammation, activate their own mechanisms of re-

generation and restore damaged tissues (Fig. 1) [17]. 

MSCs have immunomodulatory and anti-inflammatory 

effects, suppressing the proliferation and differentia-

tion of T cells (both CD4 + and CD8 + lymphocytes), 

decreasing NK activity and activating T regulatory 

cells. MSCs reduce the secretion of pro-inflammatory 

(IL-1β, IL-6, TNF-α, IFN-γ) and increase the secretion of 

anti-inflammatory cytokines IL-4 and IL-10 [18], which 

leads to a decrease in immune inflammation, activation 

of angiogenesis, inhibition of apoptosis and decrease 

in the degree of oxidative stress [19].

Nonclinical studies
T. Yabana et al. [20] demonstrated in rats with sim-

ulated colitis caused by dextran sodium sulfate (DSS) 

that MSCs administered intravenously to animals mi-
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grated into the lamina propria of the damaged colon, 

where they activated the expression of smooth muscle 

actin (a- SMA), which contributed to the restoration of 

the epithelium. It was also shown that MSCs were in-

volved in maintaining the function of the epithelial bar-

rier by activating the assembly of claudins, apical tight 

gap junction proteins.

In the pathogenesis of IBD, the most important role 

is apparently played by increased proliferation and de-

fective apoptosis of immune cells, which is presumably 

associated with an imbalance of Bcl-2 and Bax, key 

proteins that affect apoptosis [21].

Among the pathogenetic mechanisms of the devel-

opment of IBD, an imbalance in T-cell subpopulations is 

distinguished. As a result, the level of pro-inflammatory 

cytokines increases: in Crohn’s disease due to differ-

entiation of Th1 and Th17 cells, in ulcerative colitis due 

to differentiation of Th2 cells. On the contrary, the level 

of T-regulatory (Treg) cells is reduced in the peripheral 

blood of patients with IBD [23]. Among Treg cells, CD4 

+ CD25 + FoxP3 + cells play a key role in suppressing 

the immune system and maintaining tolerance [22]. K. 

Akiyama et al. [22] showed that systemic infusion of 

bone marrow-derived MSCs (BM-MSCs) induces ap-

optosis of T cells via the Fas ligand-dependent path-

way (FasL) and can improve the course of the disease 

in experimental DSS-induced mice colitis. It has been 

shown that Fas-regulated secretion of the BM-MSC 

protein MCP-1 recruits T cells for FasL-mediated apop-

tosis. Apoptosis of T cells leads, in turn, to the induction 

of macrophages producing high levels of transforming 

growth factor beta (TGF-β), which is accompanied by 

an increase in the number of T-regulatory cells and, 

ultimately, contributes to a decrease in the degree of 

immune inflammation. Q. Chen et al. [24] demonstrated 

that intravenous administration of MSCs greatly allevi-

ates the clinical severity of trinitrobenzenesulfonic acid 

(TNBS) -induced ulcerative colitis in mice (weight loss, 

diarrhea, and inflammation) and improves animal sur-

vival. It was also shown that MSCs reached the dam-

aged colon and promoted the proliferation of intesti-

nal epithelial cells and the differentiation of intestinal 

stem cells (determined by the detection of Lgr5 + cells), 

which was mediated by the suppression of autoimmune 

and inflammatory reactions (IL-2, TNF-α, IFN-γ, T-bet; 

IL-6, IL-17, RORγt) caused by Th1-Th17 cells, as well 

as increased activity of Th2 cells (IL- 4, IL-10, GATA-3). 

In addition, it was shown that MSCs induced activated 

CD4 + CD25 + Foxp3 + T regulatory cells (TGF-β, IL-10, 

Foxp3).

Fig. 1. General MSC’s effects grouped by the two fundamental mechanisms: 1) direct cell differentiation of 
recruited MSC (into cells of adipose, bone, cartilage and muscle tissues) to replace damaged cells and 2) in-
duction of cytokines secreted by MSC into the inflammatory medium, affecting the recipient’s immune system 
(IL-6: interleukin-6; PGE2: prostaglandin E2; TGF-β: β-transforming growth factor; IDO: indoleamine-2,3-diox-
ygenase; CCL-2: С-С-chemokine ligand 2; IL-10: interleukin -10; HGF: hepatocyte growth factor; MMP: matrix 
metalloproteinases; HLA-G: human leukocyte antigen-G). Adapted from [7].
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Macrophages, dendritic cells, and other anti-

gen-presenting cells are also involved in the patho-

genesis of IBD due to their specialization in presenting 

antigen to T cells and, in turn, generating a generated 

T cell response. Tissue macrophages play a key role 

in maintaining normal intestinal homeostasis, but may 

also be involved in the pathogenesis of IBD. In a healthy 

intestine, resident macrophages exhibit the M2 pheno-

type, while pro-inflammatory M1 macrophages domi-

nate in the inflamed intestinal mucosa. In this regard, 

changing the balance of macrophage populations to 

the M2 phenotype has become a new approach in the 

treatment of IBD. Numerous preclinical studies have 

shown that MSCs can induce immunomodulatory mac-

rophages, and their therapeutic efficacy in experimen-

tal ulcerative colitis is mediated by macrophages with 

an M2-like phenotype [25].

H. Jo et al. [26] cultured immature dendritic cells 

(imDC) and lipopolysaccharide (LPS) treated mature 

dendritic cells (mDC) together with MSCs for 48 h, 

and then analyzed the profiles of surface markers and 

cytokines and the regulatory role of these DCs for 

primary splenocytes. In addition, the therapeutic ef-

fects of MSCs and DCs co-cultured with MSCs were 

compared in mice with chronic colitis. The authors 

demonstrated that after co-cultivation of MSCs with 

immature dendritic cells (MSC-DC) or LPS-treated 

mature dendritic cells (LPS + MSC-DC), the expres-

sion of CD11c, CD80, CD86, IL-6, TNF-α and IFN-γ 

was decreased, and the expression of CD11b, IL-10 

and TGF-β — increased. In addition, MSC-DC and 

LPS + MSC-DC induced the expression of CD4, CD25 

and Foxp3 in primary splenocytes isolated from mice. 

In mice with DSS-induced colitis, MSC and MSC-

DC increased colon length, body weight, and sur-

vival; caused the restoration of normal morphology, 

recorded by histological examination of the intestinal 

walls. Moreover, in the MSC and MSC-DC groups, in 

the colon tissues, the expression of IL-6, TNF-α and 

IFN-γ also decreased, while the expression of IL-10, 

TGF-β and Foxp3 increased. These data suggest that 

MSCs stimulate the differentiation of dendritic cells 

into regulatory dendritic cells, which improves the ef-

fectiveness of chronic colitis therapy.

It was also shown that the introduction of MSCs 

can suppress the activation and proliferation of B cells 

secreting IgG, and, conversely, stimulate the formation 

of CD5+ regulatory B cells (Bregs) producing IL-10. In 

addition, it was shown that MSCs can suppress the 

proliferation of NK -cells secreting proinflammatory cy-

tokines [27]. 

Exosomes from MSCs for experimental 
treatment of IBD
Exosomes — extracellular vesicles secreted by 

MSCs, contain a large number of biologically active 

factors. Exosomes play an important role in intercel-

lular communications, transferring microRNAs, regula-

tory and functional proteins and peptides, lipids, glyco-

proteins, mRNAs, intracellular messengers, etc. from 

cell to cell [28]. Thus, exosomes from MSCs, similarly 

to the MSCs themselves, have powerful physiological 

properties that affect the restoration of damaged tis-

sues [29]. At the same time, exosomes are more stable 

than MSCs and safer, because in principle, they cannot 

cause an immune response of the host organism and 

provoke any other reactions of the organism, which are 

potentially possible in response to the introduction of a 

cell preparation.

Earlier, a number of researchers have demonstrated 

that exosomes secreted by MSCs have a pronounced 

restorative effect in the treatment of many diseases 

that cause tissue damage, including IBD [30–32]. Thus, 

F. Mao et al. showed that exosomes released from hu-

man umbilical cord-derived MSCs (hucMSC) have a 

positive effect on the treatment of DSS-induced colitis, 

and studied their main mechanism of action [32].

Indocyanine green (ICG) -labeled exosomes enter 

the colon tissues of IBD mice 12 hours after injection. 

The expression of the IL-10 gene increased, while the 

expression of the TNF-α, IL-1β, IL-6, iNOS, and IL-7 

genes decreased in the tissues of the colon and spleen 

of mice treated with MSC exosomes. In addition, the 

infiltration of macrophages into the colon tissue was 

reduced. It was also shown that in vitro co-cultivation 

with exosomes inhibited the expression of iNOS and 

IL-7 in mouse enterocelium macrophages. At the same 

time, the researchers found that the expression of IL-7 is 

higher in the tissues of the colon of patients with colitis 

than in healthy people from the control group. Overall, 

these results demonstrated that exosomes from hucM-

SCs have a strong effect on recovery in DSS-induced 

IBD, this effect may be mediated through modulation of 

IL-7 expression in macrophages.

In a study by R. Yang et al. [33] exosomes isolated 

from MSCs preconditioned with IFN-γ were trans-

planted into mice with DSS-induced colitis, which 

significantly improved the disease activity index and 

histological assessment of colitis, and also decreased 

the Th17 ratio and increased the ratio of Treg cells. The 

introduction of exosomes significantly reduced the 

expression of Stat3 and p-Stat3, suppressing the dif-

ferentiation of Th17 cells, while exosomes from MSCs 

https://doi.org/10.17816/clinpract64530
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preconditioned with IFN-γ showed the highest inhibi-

tion efficiency. IFN-γ pretreatment increased the levels 

of miR-125a and miR-125b in MSC exosomes, which 

directly targeted Stat3, which inhibits Th17 cell differ-

entiation. Moreover, co-infusion of miR-125a and miR-

125b also demonstrated a therapeutic effect in colitis, 

accompanied by a decrease in the ratio of Th17 cells. 

Overall, this study demonstrates that IFN-γ treatment 

stimulated the effectiveness of exosomes from MSCs 

in reducing colitis by increasing levels of miR-125a and 

miR-125b, which bind to Stat3 3’-UTR to suppress 

Th17 cell differentiation. 

Clinical studies
Completed clinical studies
Due to their therapeutic properties, MSCs obtained 

from bone marrow, placenta, or adipose tissue are ac-

tively used in clinical trials for the treatment of patients 

with IBD both in the form of local endoscopic cell injec-

tions and by systemic (intravenous) infusion.

Local administration of MSC

Local administration of MSCs is used mainly for the 

treatment of fistulous (extraluminal) forms of Crohn’s 

disease [34]. Thus, J. Panés et al. [35] conducted a 

double-blind, randomized, placebo-controlled study to 

determine the long-term efficacy and safety of a single 

local administration of allogeneic MSCs derived from 

adipose tissue (Cx601) in the treatment of patients with 

Crohn’s disease and difficult to treat draining complex 

perianal fistulas. The study was conducted in 49 clini-

cal centers in Europe and Israel, and included 212 pa-

tients (ClinicalTrials.gov: NCT01541579). Patients were 

randomly assigned (1: 1) into groups, which in addition 

to standard care received a single local injection, or 

120 × 106 Cx601 cells, or placebo (control). Efficacy 

endpoints assessed in a modified treatment intent 

population (randomly assigned, treated, and with one 

or more post-baseline efficacy evaluations) at Week 

52 included combined remission (closure of all treated 

external holes draining at baseline in the absence of 

congestion > 2 cm, confirmed by magnetic resonance 

imaging) and clinical remission (absence of draining 

fistulas). Previously, the same investigators reported 

the primary study endpoint at 24 weeks (combined re-

mission in 51.5% of patients receiving Cx601 versus 

35.6% in the control group: difference of 15.8 percent-

age points; 97.5% confidence interval [CI] 0.5–31.2; 

p = 0.021). On the Week 52 a significantly larger propor-

tion of patients treated with Cx601 achieved combined 

remission (56.3%) compared with the control group 

(38.6%) (a difference of 17.7 percentage points; 95% 

CI 4.2–31.2; p = 0.010), and clinical remission (59.2% 

versus 41.6% of the control group with a difference of 

17.6 percentage points; 95% CI 4.1–31.1; p = 0.013). Se-

curity was maintained for 52 weeks; side effects were 

observed in 76.7% of patients in the Cx601 group and 

in 72.5% of patients in the control group. Based on the 

results of a phase III study of patients with Crohn’s dis-

ease and treatment-resistant perianal fistulas, the au-

thors concluded that Cx601 is safe and effective for 

closing external fistulas compared with placebo after 1 

year of the study.

M. Herreros et al. [36] published data from a clinical 

study evaluating 45 patients with 52 surgically resistant 

anal fistulas of various etiologies (including 18 patients 

with perianal fistulas caused by Crohn’s disease) and 

their response to therapy with MSCs of various types, 

including allogeneic MSCs from fat (adipose- derived 

mesenchymal stem cell, ASC), autologous ASC, and 

stromal-vascular fraction (SVF), which is believed to 

contain ASC with minimal adipocyte and erythrocyte 

counts. Considering 42 cases of perianal fistula, 40 

(95.2%) of them showed healing or improvement/par-

tial response after an average of 6.6 weeks (range 2–36 

weeks). Cure occurred in 22/42 (52.4%) cases, with the 

majority of patients cured in 5.8 months on average 

(range 0.5–24 months). The cure of these 42 patients 

was assessed depending on the type of cell prepara-

tions used. The cure rate with SVF was 13/23 (56.5%) 

cases, with autologous ASC — 3/9 (33.3%), with allo-

geneic ASC — 6/10 (60%). The injected cell dose was 

also analyzed in perianal fistulas with a mean of 43.9 

million (range 3–210 million) in cases of cure.

Considering only the perianal fistula due to Crohn’s 

disease [36, 37], 18/18 patients (100%) showed healing 

or improved / partial response starting at an average of 

5.3 weeks (range 2-12 weeks). Cure occurred in 10/18 

(55.5%) cases, with most patients cured in 6.5 months 

(range 0.5-24 months). The cure of these 18 patients 

was also assessed depending on the type of cell prep-

arations. The cure rate with SVF was observed in 40% 

of cases, with autologous ASC — in 66.6%, with al-

logeneic ASC — in 55.5%. The injected dose of cells 

averaged 43.9 million (range 3–210 million) in cases of 

cured patients. In all cases of perianal fistula therapy 

in Crohn’s disease, a surgical technique was used — 

curettage, closure of the internal opening of the fistula, 

and cell injection [36, 37].

In the case of a perianal cryptoglandular fistula [38], 

18 patients underwent curettage, closure, and ASC in-

jections, showing healing in 9/18 (50%) cases; 6 under-
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went curettage, endoanal flap advancement, and ASC 

injection, with fistula closure observed in 3/6 (50%) 

cases.

A phase II clinical trial using autologous adipose-de-

rived MSCs (ASCs) for the treatment of Crohn’s disease 

fistulas, characterized by a devastating condition with 

a high recurrence rate, demonstrated safety and thera-

peutic potential with a sustained response over 2 years 

[39]. This phase II study initially enrolled 41 patients. 

After 24 months, complete healing was observed in 27 

(75.0%) of 36 patients (data for 5 of 41 patients were 

absent after 24 months). No side effects associated 

with ASC administration were observed. Moreover, 

complete closure of the fistula after initial treatment 

was sustained. The results provide strong evidence of 

the effectiveness of autologous ASCs in the treatment 

of Crohn’s fistulas.

L. Scott et al. [40] published the results of the use of 

the drug darvadstrocel (Alofisel), which is a suspension 

of multiplied human allogeneic MSCs (eASC) obtained 

from adipose tissue. It is the first MSC-based drug 

approved by the European Union for the treatment of 

complex perianal fistulas in adult patients with inactive/

moderately active luminal Crohn’s disease when the 

fistula has shown an inadequate response to one or 

more standard therapies. In a pivotal Phase III study 

of ADMIRE-CD, this difficult-to-treat population of 

patients following fistula therapy, following standard 

treatment, received adjunctive therapy with localized 

administration of a single dose of darvadstrocel (120 

million eASC) into the tissue surrounding the perianal 

complex: fistula healing was significant more effective 

than in the placebo group (patients were injected with 

saline), while patients in the darvadstrocel group had 

a higher combined remission rate (closure of fistulas 

by clinical assessment + absence of abscesses by 

magnetic resonance imaging) after 24 weeks after the 

appointment of treatment. Clinical remission persisted 

in more than 50% of patients after 52 weeks of obser-

vation. Given the very limited treatment options for this 

intractable rare condition, Darvadstro Whole therapy 

is an innovative and promising minimally invasive ap-

proach.

Y. Cao et al. in 2021, a meta-analysis and a system-

atic review were published to assess the effectiveness 

of stem cells (MSCs from bone marrow and adipose 

tissue) for the treatment of any form of fistula in Crohn’s 

disease [41]. A total of 29 clinical studies were analyzed 

in this review, including 1252 patients. As a result, it 

was shown that in the group of patients with fistulas in 

Crohn’s disease who received stem cells transplanted 

there was a higher rate of fistula healing compared with 

the group of patients receiving placebo (61.75% versus 

40.46%, odds ratio, 2, 21; 95% CI 1.19–4.11; p <0.05). 

The group of patients receiving stem cells 3 × 107 cells/

ml had an advantage in the rate of fistula healing by 

71.0% compared to the group of stem cells with other 

doses (relative risk, RR, 1.3; 95% CI 0.76 -2.22), and the 

rates of recovery in patients with perianal and trans-

sphincteric fistulas were higher than with rectovaginal 

ones (77.95 versus 76.41%). Interestingly, the Crohn 

disease activity index (CDAI) and perianal disease ac-

tivity index (PDAI) clearly temporarily increased with 

stem cell use after 1 month, while returning to baseline 

after administration stem cells after 3 months. More-

over, the incidence of treatment-related adverse events 

was significantly lower in the stem cell group than in the 

placebo group (RR 0.58; 95% CI 0.30-1.14). This study 

has shown that the use of stem cells, especially ASC 

from adipose tissue, is a promising treatment for fistula 

in Crohn’s disease due to its higher efficacy and lower 

incidence of adverse events. 

Intravenous administration of MSC
Systemic (intravenous) administration of MSCs is 

used mainly for the treatment of luminal (inflammatory) 

forms of IBD [34].

In a randomized placebo-controlled clinical trial, 

J. Hu et al. (registration number NCT01221428) [42] 

studied the safety and efficacy of MSCs derived from 

human umbilical cord in moderate to severe ulcerative 

colitis, while 34 patients with ulcerative colitis were 

included in group I and received infusion of MSCs in 

addition to the main treatment and 36 patients entered 

group II and received saline in addition to the main 

treatment. One month after therapy, in 30 patients in 

group I, the formation of diffuse and deep ulcers and 

the course of severe inflammatory processes on the 

mucous membrane significantly decreased. During fol-

low-up, the mean Mayo score and histology score in 

Group I decreased, while the IBDQ scores were signifi-

cantly improved over pretreatment and in comparison 

with group II (p <0.05). Among other positive effects, 

the authors note the absence of obvious adverse reac-

tions after infusion of MSCs, as well as chronic adverse 

or protracted reactions during the entire observation 

period. Thus, it has been reliably demonstrated that 

MSC infusion is a safe and effective method for the 

treatment of ulcerative colitis.

J. Zhang et al. [43] studied the efficacy and safety 

of the use of umbilical cord MSCs (UC-MSCs) for 

the treatment of Crohn’s disease. The study included 

https://doi.org/10.17816/clinpract64530
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82 patients diagnosed with Crohn’s disease who re-

ceived maintenance therapy with steroids for more 

than 6 months, of whom 41 patients were randomly se-

lected to receive four peripheral intravenous infusions 

of 106 UC-MSCs / kg, 1 infusion / week. Patients were 

followed up to 12 months with an assessment of CDAI, 

Harvey-Bradshaw index (HBI), and corticosteroid dos-

age. 12 months after treatment, CDAI, HBI, and corti-

costeroid dosage decreased by 62.5 ± 23.2; 3.4 ± 1.2; 

4.2 ± 0.84 and 23.6 ± 12.4; 1.2 ± 0.58; 1.2 ± 0.35 

mg/ day, respectively, in the UC-MSC and control 

groups (p <0.01, p <0.05 and p <0.05 for UC-MSC 

compared to the control, respectively). In 4 patients, 

after cell infusion, the temperature rose. No serious 

adverse events were observed. The researchers con-

clude that UC-MSCs are effective in treating Crohn’s 

disease, although they sometimes cause minor side 

effects.

In a study by our group (O. Knyazev et al.) [44], 22 pa-

tients with exacerbation of moderate and severe forms 

of ulcerative colitis were treated with the use of alloge-

neic MSCs from the bone marrow. Patients with acute 

ulcerative colitis (less than 6 months from the onset of 

the disease) were divided into 2 groups. Patients with 

nonspecific ulcerative colitis of group 1 (n = 12), in ad-

dition to standard anti-inflammatory therapy, received 

MSCs according to the following scheme: 0, 1, and 26 

weeks, then every 6 months in subsequent years of 

follow-up. Group 2 patients (n = 10) received standard 

anti-inflammatory therapy with 5-aminosalicylic acid 

(5-ASA) and glucocorticoids. Patients with severe ex-

acerbation of ulcerative colitis in group 1 were 58.3%, 

in group 2 — 60%, with moderate exacerbation — 41.7 

and 40%, respectively. In group 1, total colitis was diag-

nosed in 33.3% of patients, in group 2 — in 40%, left-

sided colitis — in 66.7 and 60%, respectively. Patients 

of group 1 were reduced the dose of glucocorticoids to 

0.5 mg per 1 kg of body weight and systemic admin-

istration of MSCs was carried out at a dose of 1.5–2 

million cells per 1 kg of body weight according to the 

scheme of 0, 1 and 26 week 3–5 days after administra-

tion, the dose of previously prescribed glucocorticoids 

(no more than 30 mg / day) was reduced for 6–8 weeks. 

until complete cancellation. Later, in the absence of a 

relapse of the disease, the patients received mainte-

nance therapy with 5-ASA and / or probiotics. Group 

2 patients received standard therapy in accordance 

with international recommendations. The date of intro-

duction of the cell culture was the point of inclusion in 

the clinical study. The criterion for the effectiveness of 

therapy was a relapse-free course of the disease for 

12 months. The clinical activity of ulcerative colitis was 

assessed by the Rakhmilevich scale, endoscopic — by 

the Mayo scale. Monitoring the dynamics of clinical, 

laboratory and endoscopic parameters was carried out 

after 2; 6 and 12 months, then annually for 3 years. The 

results of the study demonstrated that the inclusion of 

MSCs in the complex therapy of acute attack of ulcer-

ative colitis did not affect the frequency of relapses, 

the duration of remission and the average level of in-

dices of clinical and endoscopic activity during 1 year 

of follow-up: in group 1, recurrence of ulcerative colitis 

occurred in 2 (16, 7%) patients, in the group 2 — in 3 

(30%): RR 0.3; 95% CI 0.08–1.36; p =  0.2; χ2 = 1.47). 

The Rakhmilevich index in the Group 1 of patients was 

3.33 ± 0.54 points, in the 2nd — 4.4  ± 1.13 (p = 0.81), 

the Mayo index — 3.1 ± 0.85 and 3.9 ± 1.06 points, 

respectively (p = 0.66). Over 2 years of follow-up, the 

risk of recurrence of ulcerative colitis in group 1 is 3 

times lower than in group 2 (p = 0.03). The average du-

ration of remission in the Group 1 was 22 months, in 

the group 2 — 17 months (p = 0.049). After 3 years 

of follow-up, the duration of remission in groups 1 and 

2 was 22 and 20 months, respectively (p = 0.66). The 

Rakhmilevich index in the Group 1 of patients was 

4.75 ± 1.13 points, in the 2nd — 8.1 ± 1.1 (p = 0.001). As 

a result, it was reliably shown that the administration of 

MSCs increases the effectiveness of anti-inflammatory 

therapy in patients with acute ulcerative colitis.

In our other study (O. Knyazev et al.) [45], we eval-

uated the effectiveness of therapy for MSCs from the 

bone marrow in patients with the inflammatory (lumi-

nal) form of Crohn’s disease (n = 34) receiving azathi-

oprine. In group 1 (n = 15), patients received anti-in-

flammatory therapy using MSC culture in combination 

with azathioprine, in group 2 (n = 19) — received MSC 

without azathioprine. The severity of the attack was 

scored according to the CDAI index. In the blood se-

rum, immunoglobulins (IgA, IgG, IgM) were examined; 

interleukins (IL) 1β, 4, 10; TNF-α, IFN-γ, TGF-β, C-re-

active protein (CRP), platelets and erythrocyte sed-

imentation rate (ESR) after 2; 6 and 12 months from 

the start of MSC therapy. As a result, the initial mean 

CDAI in group 1 was 337.6 ± 17.1 points, in group 2 — 

332.7 ± 11.0 (p = 0.3). In both groups of patients, a sig-

nificant decrease in CDAI was noted 2 months after 

the start of MSC therapy: in group 1 — to 118.9 ± 12.4 

points, in group 2 — to 120.3 ± 14.1 (p = 0, 7), after 6 

months — 110.3 ± 11.1 and 114.3 ± 11.8 (p = 0.8), after 

12 months — 99.9 ± 10.8 and 100.6 ± 12.1 ( p = 0.8), af-

ter 24 months — 133.2 ± 28.3 and 120.8 ± 15.5 (p = 0.2), 

after 36 months — 139.9 ± 23.4 and 141.7 ± 20.8 points 
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(p = 0.9), respectively. The levels of IgA, IgG, IgM were 

significantly lower in the group of patients with a lon-

ger history of the disease and taking azathioprine for 

a long time. After the administration of MSCs in both 

groups of patients, there was a tendency for an in-

crease in pro- and anti-inflammatory cytokines with a 

significantly lower level of pro-inflammatory cytokines 

(IFN-γ, TNF-α, IL- 1β) in group 1, indicating a potenti-

ation of the immunosuppressive action of MSCs and 

azathioprine , which provides a more pronounced an-

ti-inflammatory effect. As a result, it was demonstrated 

that MSC transplantation promotes an increase in the 

blood serum of patients with Crohn’s disease of the 

initially reduced concentration of immunoglobulins and 

cytokines and restoration of their balance as clinical re-

mission occurs, and in combination with azathioprine it 

has a more pronounced anti-inflammatory effect.

Interesting results were obtained when comparing 

the effect of combined (local and systemic) adminis-

tration of MSCs from the bone marrow, anticytokine 

therapy (infliximab), and antibiotic and immunosup-

pressive therapy on the healing of simple perianal fistu-

las in Crohn’s disease [46]. The first group of patients 

aged 19 to 58 (Me 29) years (n = 12) received MSCs 

systemically according to the scheme and locally; the 

second group from 20 to 68 (Me 36) years (n = 10) re-

ceived infliximab according to the scheme; the third 

group from 20 to 62 (Me 28) years old (n = 14) received 

antibiotics and immunosuppressants. According to the 

results of the study, after 12 weeks. among patients of 

the Group 1, healing of simple fistulas was noted in 8 

(66.6%), in the Group 2 — in 6 (60%), in the Group 3 — 

in 1 (7.14%); after 6 months — in 8 (66.6%), 6 (60%) 

and 1 (7.14%); after 12 months — in 7 (58.3%), 6 (60%) 

and 2 (14.3%); after 24 months — in 5 (41.6%), 4 (40%) 

and 0 (0%) patients, respectively. As a result, it was 

demonstrated that combined cellular and anticytokine 

therapy for Crohn’s disease with perianal lesions sig-

nificantly promotes more frequent and prolonged clo-

sure of simple fistulas in comparison with antibiotic and 

immunosuppressive therapy, as well as a decrease in 

the frequency of disease relapses.

J. Ko et al. [34] published in January 2021 a detailed 

analysis of the safety and efficacy of MSC therapy for 

IBD based on 24 studies (17 used local administration 

of MSCs, 7 — systemic). Overall, the authors conclude 

that local injections of MSCs in fistulous (extraluminal) 

Crohn’s disease demonstrate long-term efficacy and a 

favorable safety profile. The evidence for the effective-

ness of systemic infusion of MSCs for the treatment 

of inflammatory IBD remains, according to the authors, 

ambiguous, due to the pronounced methodological 

heterogeneity of studies (primarily due to the different 

source of MSCs), aggravated by the lack of evidence 

showing that MSCs reach the intestine after intrave-

nous injection. , and not always a clearly demonstrated 

safety profile. At the same time, in the already men-

tioned studies of our group, rather unequivocal evi-

dence was obtained of the effectiveness of systemic 

infusion of allogeneic MSCs for the treatment of IBD 

[44–46]. 

Proceeding clinical studies
To date, the website Clinicaltrials.gov has regis-

tered 14 active clinical trials (as of March 2021) using 

MSC therapy for the treatment of IBD — in 2 cases 

with autologous MSCs and in 12 with allogeneic MSCs 

(Table 1). Seven trials used MSCs from bone marrow, 

five used MSCs from adipose tissue, one used MSCs 

from umbilical cord blood, and one used MSCs from 

Wharton’s jelly. In 10 cases, trials are conducted for the 

treatment of Crohn’s disease, in 4 cases for the treat-

ment of ulcerative colitis. Local administration of MSCs 

is used in 12 trials, systemic administration in 2.

CONCLUSION
Numerous open and randomized clinical trials 

of MSCs in the treatment of IBD have unequivocally 

shown the safety of this approach and its potential ef-

fectiveness, including in cases resistant to traditional 

therapies. The therapeutic effect of MSCs is due to 

a powerful immunomodulatory effect, as a result of 

which the activity of autoimmune inflammation de-

creases and the repair process in the intestinal mucosa 

is stimulated, which in turn increases the duration of 

remission, reduces the risk of disease recurrence and 

the frequency of hospitalizations.

Based on clinical trials in the European Union, the 

first drug based on allogeneic MSCs from adipose tis-

sue darvadstrocel (Alofisel, Takeda, Japan) was ap-

proved for the treatment of complex perianal fistulas 

in patients with luminal Crohn’s disease. At the same 

time, there is currently no single established optimal 

protocol for MSC transplantation for the treatment of 

IBD, which makes additional randomized clinical trials 

of MSCs, their source, dosage, method, and optimal 

frequency of cell administration urgent. In addition 

to MSCs from bone marrow and adipose tissue, the 

use of MSCs from the placenta is promising, which, 

in combination with methods for increasing the effi-

ciency of MSC production, such as 3D cultivation and 

the use of large-volume bioreactors, can significantly 

https://doi.org/10.17816/clinpract64530
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reduce the cost of MSC production and make this 

unique method of therapy available to a wide range 

of patients.
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