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Primary biliary cholangitis (PBC) is a chronic autoimmune cholestatic liver disease characterized by the progressive destruction of
small- and medium-sized intrahepatic bile ducts with resultant cholestasis and progressive ﬁbrosis. Ursodeoxycholic acid and
obethicholic acid are the only agents approved by the US Food and Drug Administration (FDA) for the treatment of PBC.
However, for patients with advanced, end-stage PBC, liver transplantation is still the most eﬀective treatment. Accordingly, the
alternative approaches, such as mesenchymal stem cell (MSC) transplantation, have been suggested as an eﬀective alternative
therapy for these patients. Due to their immunomodulatory characteristics, MSCs are considered as promising therapeutic
agents for the therapy of autoimmune liver diseases, including PBC. In this review, we have summarized the therapeutic
potential of MSCs for the treatment of these diseases, emphasizing molecular and cellular mechanisms responsible for
MSC-based eﬀects in an animal model of PBC and therapeutic potential observed in recently conducted clinical trials. We have
also presented several outstanding problems including safety issues regarding unwanted diﬀerentiation of transplanted MSCs
which limit their therapeutic use. Eﬃcient and safe MSC-based therapy for PBC remains a challenging issue that requires
continuous cooperation between clinicians, researchers, and patients.

1. Introduction
Primary biliary cholangitis (PBC) is an idiopathic chronic
autoimmune cholestatic liver disease characterized by
the progressive granulomatous destruction of small- and
medium-sized intralobular and septal intrahepatic bile ducts
with resultant cholestasis and progressive ﬁbrosis [1, 2].
Although fatigue and pruritus are the most common symptoms of PBC, the disease begins quietly and for many years
is manifested only by weakness, malaise, daytime somnolence, and low working eﬃciency [1]. Accordingly, it is
important to elucidate the molecular and cellular mechanisms involved in the etiology and pathogenesis of PBC in
order to prevent the development of inﬂammation and
irreversible cirrhosis.
Despite the fact that a huge number of preclinical and
clinical studies extensively investigated the natural history

of PBC [3–10], etiology of PBC is still unknown. In recent
years, it has become univocally accepted that an inappropriately activated immune response plays a crucial role in
development and progression of PBC [1, 2, 6]. Current
disease models envisage a T cell-driven biliary injury, resulting in secondary cholestasis, which arises on the background
of combined genetic and environmental risks including
infection [6]. It is believed that, in patients who had genetic
predisposition to PBC, viruses [7, 8], bacteria [1], and
xenobiotics [9, 10] either directly induce apoptosis of biliary
epithelial cells (BECs) or trigger immune response against
BECs as a result of molecular mimicry. Epitope of the E2 subunit of the pyruvate dehydrogenase complex (PDC: PDC-E2)
autoantigen can be derived from microbes that utilize the
PDC enzyme or, alternatively, from native proteins that were
modiﬁed and become immunogenic by environmental xenobiotics/chemical compounds [2, 3]. In PBC, mitochondrial
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PDC-E2 autoantigen is the main target of immune response
mediated by PDC-E2-speciﬁc helper CD4+ and cytotoxic
CD8+ T cells accompanied with circulating PDC-E2 autoantibodies [3]. Although the serological hallmark of PBC
remains the presence of antibodies to PDC-E2, autoreactive
CD4+ T cells and CD8+ T cells have a central role in the
pathogenesis of PBC [2, 11]. During the earliest stage of the
diseases, IFN-γ-producing T cells (Th1 cells) are found in
signiﬁcantly higher number in the livers, periductular spaces,
and peripheral blood of PBC patients while during the late
stage of PBC majority of autoreactive CD4+ T cells produce
IL-17 and IL-23 (Th17 cells) [2, 3, 12–15]. Importantly, when
compared to healthy controls, patients with PBC display a
relative reduction of circulating CD4+CD25+FoxP3+ T
regulatory cells (Tregs) that play a critical role in immunosuppression, self-tolerance, and the prevention of autoimmune disease [16, 17]. The cytokine signature associated
with PBC is also indicative of CD4+ T cell activation
with a Th1/Th17 bias [18–21]. Serum levels of interleukin
(IL)-18—which acts to release IL-12 and activate the Th1
pathway—and consequent release of IFN-γ from CD4+ T
cells are elevated in PBC patients compared to healthy controls [18, 19]. Immunohistochemical studies support these
observations, with PBC liver samples showing strong
staining for IFN-γ with a shift to increased IL-23 and IL-17
staining in the later stage of the disease, accompanied with
increased Th17 : Treg ratio in peripheral blood [20, 21].
Until 2016, ursodeoxycholic acid (UDCA) was, for more
than two decades, the only US Food and Drug Administration- (FDA-) approved drug for the treatment of PBC [22].
UDCA increases the bile acid saturation in bile, resulting in
increased bile acid clearance from the blood and reduced cholestatic symptoms, speciﬁcally pruritus. Additionally, UDCA
has anti-inﬂammatory and immunomodulatory properties
and protects hepatocytes from bile acid-induced apoptosis
[22]. Nevertheless, more than 40% of PBC patients incompletely respond to UDCA treatment or are intolerant to
UDCA, resulting with disease progression [23]. Most
recently, results obtained in clinical studies [24, 25] demonstrated beneﬁcent therapeutic eﬀects of obeticholic acid
(OCA) in the therapy of PBC and were the basis for the
US FDA’s approval of OCA for the treatment of PBC
patients with incomplete response to UDCA [22]. OCA
increases bile ﬂow in cholestatic conditions and, through
the activation of farnesoid X receptor (FXR), inhibits the
uptake of bile acids, thereby protecting the hepatocytes
from accumulation of cytotoxic bile acids [22]. Additionally, OCA has anti-inﬂammatory and antiﬁbrotic properties that contribute to its beneﬁcent eﬀects in the therapy
of PBC.
Despite the promising results of UDCA- and OCA-based
therapies, liver transplantation is still the most eﬀective
treatment modality for PBC patients with end-stage liver
disease [22]. However, the use of liver transplantation is
limited because of organ donor shortage, ﬁnancial considerations, and the requirement for lifelong immunosuppression
[22, 23]. Accordingly, an alternative approach, such as
stem cell transplantation, has been suggested as an eﬀective alternative therapy for the treatment of end-stage
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PBC patients. Among stem cells, mesenchymal stem cells
(MSCs) are, due to their immunomodulatory characteristics,
considered as promising therapeutic agents for the therapy
of PBC.

2. MSCs: New Players in Cell-Based Therapy of
Liver Diseases
MSCs are adult, ﬁbroblast-like, multipotent cells that can be
found in almost all postnatal organs and tissues, including
the liver [26]. Previous studies have shown that human
MSCs, derived from the bone marrow (BM-MSCs), adipose
tissue (AT-MSCs), amniotic ﬂuid (AF-MSCs), dental pulp
(DP-MSCs), umbilical cord (UC-MSCs), and fetal lung
(FL-MSCs), in the presence of growth factors, cytokines,
and chemical compounds, could diﬀerentiate into hepatocytes [27–31]. Although MSC diﬀerentiation into hepatocytes has been demonstrated in vitro, it is still controversial
whether MSC transplantation can completely regenerate
liver in vivo [32]. The vast majority of recently published
studies indicated that beneﬁcent eﬀects of MSCs in the treatment of acute and chronic liver diseases are mainly based on
suppression of immune cells responsible for liver injury [32].
After intravenous administration, MSCs manage to engraft
in injured livers [33]. Inﬂammatory cytokines (tumor necrosis factor alpha (TNF-α), interleukin (IL)-1, interferon
gamma (IFN-γ)), released after liver damage and during
inﬂammation, induce cell surface expression of adhesion
molecules that mediate rolling and transmigration of
MSCs into extracellular matrix [32–35]. Immediately after
their engraftment in the liver, MSCs aﬀect innate and adaptive immune responses in cell-to-cell contact-dependent
(through the programmed death (PD) ligand: PD receptor
interaction) and in a paracrine manner, via the secretion of
a wide variety of diﬀerent soluble factors [32]. As far as we
know to date, the capacity of MSC to alter immune response
is largely due to the production of soluble factors such as
transforming growth factor-β (TGF-β), hepatic growth factor (HGF), nitric oxide (NO), indolamine 2,3-dioxygenase
(IDO), IL-10, IL-6, leukocyte inhibitory factor (LIF), IL-1
receptor antagonist (IL-1Ra), galectins, tumor necrosis factor
α-stimulated gene 6 (TSG-6), human leukocyte antigen-G
(HLA-G), hemeoxygenase-1 (HO-1), and prostaglandin
E2 (PGE2) [32].
MSCs suppress both innate and adaptive immunity in
the liver [32, 33, 35]. Among innate immune cells, MSCs
modulate function and cytokine proﬁle of macrophages,
dendritic cells, and natural killer (NK) and natural killer
T (NKT) cells (Figure 1).
Classically activated (M1) macrophages (stimulated by
Toll-like receptor (TLR) ligands and IFN-γ) produce high
levels of proinﬂammatory cytokines (IL-12, IL-1, and
TNF-α), reactive nitrogen, and oxygen species and are
implicated in initiating and sustaining inﬂammation in acute
liver inﬂammation [36]. In contrast, alternatively activated
TGF-β and IL-10-producing (M2) macrophages have antiinﬂammatory and reparative functions in acute liver damage
[37]. As a result, a switch from the M1 to M2 phenotype is
crucial for resolution of inﬂammation and tissue remodeling.
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Figure 1: MSC-mediated suppression of immune cells. Through cell-to-cell contact or through producing of soluble factors, MSCs suppress
proliferation of eﬀector T cells, attenuate activation and cytokine production in NK and NKT cells, suppress maturation and activation of
DCs, and promote the development of anti-inﬂammatory M2 macrophages. MSCs: mesenchymal stem cells; IFN-γ: interferon gamma;
TNFα: tumor necrosis factor alpha; DCs: dendritic cell; NK; natural killer; PD-1: programmed cell death protein-1; PD-L1/2:
programmed death-ligand 1/2; IDO: indoleamine 2,3-dioxygenase; NO: nitric oxide, TGF-β: transforming growth factor-β; HGF:
hepatocyte growth factor; PGE2: prostaglandin E2; HO: hemeoxygenase; IL-10: interleukin 10; IL-6: interleukin 6; IL-12: interleukin 12;
TSG-6: TNF-α-stimulated gene/protein 6; sHLA-G: soluble human leukocyte antigen-G.

MSC-mediated polarization of resident macrophages from
classic M1 proinﬂammatory phenotype toward the antiinﬂammatory M2 phenotype is dependent on both cellular
contact and secretion of soluble factors, including PGE2,
TSG-6, IL-6, and IDO [32, 33].
Immature DCs constantly enter the liver from the
blood and preferentially induce tolerance in the liver
[38]. Accordingly, the activation and consequent maturation
of DCs seem to be the critical initial trigger for the onset of
T- and NKT cell-mediated acute liver inﬂammation [39].
Immediately after hepatocyte damage and/or entrance of
microbes, DCs inﬁltrate the liver, capture antigens, increase
expression of costimulatory (CD40, CD80, and CD86),
major histocompatibility complex (MHC), and CD1d
molecules on their surface and activate T and NKT cells
[38, 39]. DCs need an additional early signal from the
innate immune system, particularly from liver NKT cells,
to mature and gain competence to prime immune response
in the liver [40]. MSCs, particularly through the production
of prostaglandin E2 (PGE2), NO, and IDO, inhibit activation of liver NKT cells and consequent maturation of
DCs, attenuate their capacity for antigen presentation, and
alter their secretion proﬁle resulting in increased production of anti-inﬂammatory IL-10 and decreased production
of proinﬂammatory TNF-α, IFN-γ, and IL-12 [32, 33, 35,
41–47]. Immature DCs generated in the presence of MSCs
do not express MHCII, CD40, CD80, and CD86 molecules and are able to render T helper-type 1 (Th1) cell
anergic [32].

MSCs can directly suppress proliferation and expansion
of T cells in PGE2, NO, and IDO dependent manner. The
suppressive eﬀects of PGE2 on the activation and expansion
of T cells include the direct inhibitory eﬀects on IL-2 production and the expression of IL-2 receptor and janus kinase
(JAK)-3 which mediate the responsiveness of T cells to IL-2
[48]. Interestingly, production of PGE2 by MSCs and consequent suppression of T cell proliferation is signiﬁcantly
enhanced after MSC stimulation by TNF-α or IFN-γ, while
inhibition of these cytokines resulted in the restoration of T
cell proliferation [48]. TNF-α or IFN-γ provoke MSCs to
express iNOS [49] and to produce NO which, in turn,
increase IDO activity [50] and augment MSC-based suppression of immune response [33]. Thus, in an inﬂammatory
microenvironment, in the presence of TNF-α or IFN-γ,
MSCs produce large amounts of IDO that degrades tryptophan to kynurenine and other toxic metabolites (quinolinic
acid and 3-hydroxy-anthranilic acid) [51]. Tryptophan
starvation directly inhibits T cell proliferation, while IDO
catabolites such as kynurenine and oxygen radicals induce
apoptosis of T cells [51]. Furthermore, MSC-derived IDO
inhibits the generation of cytotoxic CD8+ T cells (CTLs)
and attenuate their cytotoxicity [52].
In addition to the suppression of T cell proliferation,
MSCs may alter the cytokine proﬁle of CD4+ T cells by
decreasing the production of Th1 and Th17 cytokines
(IFN-γ and IL-17) and by increasing the production of Th2
cytokines IL-4 and IL-10 [32]. Moreover, through the production of NO, IDO, IL-10, and TGF-β, MSCs can inhibit
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Figure 2: MSC-based attenuation of immune response in PBC. MSCs modulate immune response and attenuate PBC by producing TGF-β
that resulted in an increased expansion of Tregs and anti-inﬂammatory M2 macrophages. Additionally, MSCs attenuate production of
inﬂammatory cytokines, particularly IFN-γ, and suppress Th1 immune response including inhibition of IFN-γ-producing CD4+Th1 cells,
cytotoxic CD8+ T lymphocytes, NK, and NKT cells.

proliferation of Th1 and Th17 cells and may increase the
number of CD4+CD25+FoxP3+ Tregs which suppress
immune response and inﬂammation [53].
Since T cells play a central role in the pathogenesis of
PBC, molecular mechanisms involved in MSC-based suppression of inﬂammatory T cells and expansion of Tregs
were used as a starting point for a design of preclinical
studies that investigated the therapeutic potential of MSCs
in the treatment of PBC.

3. Therapeutic Effects of MSCs in PBC: What
Have We Learnt from the Animal Model?
Several years ago, Wang and coworkers were ﬁrst to demonstrate the beneﬁcent eﬀects of the bone marrow-derived
mouse MSCs (BM-MSCs) in the treatment of polyinosinicpolycytidylic acid sodium- (PolyI:C-) induced mouse model
of PBC [54]. PolyI:C is an IFN-α inducer that, after multiple
intraperitoneal injections (5 mg/kg body weight, twice per
week for 16 weeks), elevates Fas-associated death domainlike interleukin-1-b-converting enzyme inhibitory protein L
(FLIPL, an anti-apoptotic protein) in hepatic CD4+ T cells
of C57Bl/6 mice, which contributes to the aggravation of
portal area inﬂammation, as seen in human PBC [55, 56].

In a study conducted by Wang et al. [54], BM-MSCs
were intravenously injected (1 × 106 cells) in C57Bl/6 mice,
16 weeks after the ﬁrst injection of PolyI:C, and therapeutic eﬀects of MSCs were evaluated 6 weeks later.
BM-MSC treatment signiﬁcantly attenuated serum levels
of alkaline phosphatase (ALP) and antimitochondrial antibodies (AMA) and markedly decreased inﬁltration of mononuclear cells in the livers. Massive inﬁltration of lymphocytes
and plasma cells in the bile duct epithelium cells, accompanied with the destruction of the basement membrane around
bile ducts, was noticed in PolyI:C-treated mice. On the
contrary, only a few mononuclear cells inﬁltrated the bile
duct epithelium of PolyI:C + MSC-treated mice indicating
that BM-MSCs suppressed the expansion and liver inﬁltration of immune cells [54].
Additionally, PolyI:C-treated mice that received BMMSCs had attenuated serum levels of inﬂammatory cytokines,
particularly IFN-γ when compared to BM-MSC-untreated
animals, indicating that BM-MSCs suppressed Th1 immune
response in the injured livers (Figure 2) [54, 55]. Importantly,
BM-MSC therapy signiﬁcantly increased concentration of
immunosuppressive TGF-β in sera of PolyI:C-treated mice.
Elevated levels of TGF-β correlated with an increased number
of immunosuppressive Tregs in peripheral blood and mesenteric lymph nodes indicating that BM-MSC attenuation of
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PolyI:C-induced PBC was a consequence of MSC-dependent
expansion of Tregs (Figure 2).
Tregs are crucial for the establishment and maintenance
of immunologic self-tolerance in the liver and are a major
population of immunosuppressive immune cells that prevent
progression of autoimmune liver diseases, including PBC
[16, 17]. It is well known that MSCs produce large amounts
of TGF-β upon liver injury [32] and that MSC-derived
TGF-β is important for diﬀerentiation and expansion of
immunosuppressive Tregs [53]. A knockdown of TGF-β
in MSCs before coculturing them with peripheral blood
mononuclear cells showed no signiﬁcant increase in Treg
frequency in the cocultures [57]. Since TGF-β was thought
to be a vital antiﬁbrotic MSC-derived factor in the disordered liver environment [58], Wang et al. concluded that
BM-MSC-dependent augmentation of TGF-β pathway
may be involved in the beneﬁcent eﬀects of BM-MSC in
the therapy of PolyI:C-induced PBC and proposed MSCderived TGF-β and Treg interplay as a potentially new
therapeutic approach for the clinical use of MSCs in the
therapy of patients with PBC.

4. Therapeutic Effects of MSCs in the
Treatment of Patients with PBC
Until now, only two clinical studies, both conducted in
China, investigated the therapeutic potential of MSCs in the
treatment of patients suﬀering from PBC [59, 60].
The ﬁrst of these two clinical trials was conducted in
Research Center for Biological Therapy, Beijing 302 Hospital and was registered at https://ClinicalTrials.gov of
the National Institutes of Health of the USA (registration
number NCT01662973). Seven PBC patients with an incomplete response to UDCA (that did not have a normalization
of their ALP after a minimum of six months of treatment
with adequate doses of UDCA) were enrolled in the study
with the aim to evaluate safety and eﬃcacy of umbilical
cord-derived MSCs (UC-MSCs) in the therapy of PBC [59].
UC-MSCs have been chosen because of their potential to
induce expansion of Tregs and to suppress clonal expansion
of activated T cells [26, 61]. Derivation of MSCs from UC is a
noninvasive and safe procedure. Under standard culture
conditions, UC-MSC showed quick expansion and short
generation time enabling large yields of these cells. Low
expression of MHC molecules and potent immunomodulatory characteristics make UC-MSCs useful for allogeneic
transplantations [62]. Diﬀerences between UC-MSCs and
MSCs from other tissues could be observed concerning the
success rate of isolating, proliferation capacity, and clonality.
In contrast to BM-MSCs, UC-MSCs have the highest rates
of cell proliferation and clonality and signiﬁcantly lower
expression of p53, p21, and p16, well-known markers of
senescence [63, 64].
In this study, UC-MSCs (5 × 105 cells/kg body weights)
were infused through a peripheral vein and were given three
times at 4-week intervals in combination with standard
UDCA therapy [59]. All the seven patients tolerated the
UC-MSC treatment well. After 48 weeks of follow-up, no
obvious short-term side-eﬀect (such as skin rash, infection,
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coma, and shock) or long-term complications (such as
upper gastrointestinal hemorrhage, and hepatic encephalopathy) were noticed in patients that received UC-MSCs
indicating that multiple injections of UC-MSCs was a safe
therapeutic approach.
The combined treatment of UC-MSC and UDCA led to a
signiﬁcant decrease in serum ALP and γ-glutamyltransferase
(GGT) levels at the end of the follow-up period as compared
with baseline, while other biochemical parameters in sera
(total bilirubin, albumin, aspartate aminotransferase (AST),
prothrombin time activity, and international normalized
ratio) were not signiﬁcantly reduced. UC-MSC treatment
did not aﬀect serum concentration of immunoglobulin (Ig)
M, IgA, IgG, or AMA and longer follow-up studies might
be required to conﬁrm the beneﬁcial eﬀect of UC-MSC
treatment on autoantibody-producing plasma cells.
UC-MSC therapy can improve the quality of life of PBC
patients. Symptoms, most usually seen in PBC patients, such
as fatigue and pruritus, were alleviated in most patients that
received UC-MSC treatment [59]. Although this data is
encouraging, it should be noted that these observations still
need conﬁrmation. Future studies should quantify fatigue
and pruritus using more objective measures, such as the
fatigue impact score and the PBC-40 fatigue domain score
for fatigue and the 5-D itch scale and the visual analog scale
for pruritus. It is important to highlight limitations of this
study: a small number of enrolled patients and the fact that
the mechanism of UC-MSC-based eﬀects were not explored.
Next, the clinical study conducted by Wang and
colleagues in Peking Union Medical College Hospital tried
to fulﬁll these expectations [60]. The objectives of this study
were to evaluate the safety and eﬃcacy of allogenic BMMSC (obtained from healthy family donors of PBC patients)
and to determine the mechanisms involved in their therapeutic eﬀects in UDCA-resistant patients.
BM-MSCs were chosen for this study because of
properties that enable their therapeutic use such as easy
acquisition, quick proliferation in vitro, low surface expression of major histocompatibility complex (MHC) antigens
and minor immunological rejection, long-term coexistence
in the host, maintenance of diﬀerentiation potential after
repeated passages, and ease of transplantation [64, 65].
However, the derivation of BM-MSCs involves harvesting
of BM which is a highly invasive procedure and the number
and maximal lifespan of BM-MSCs signiﬁcantly decline by
aging [66] that may limit their clinical application.
Ten patients were enrolled in this trial. They intravenously received 3–5 × 105 BM-MSCs/kg body weight. All
patients were permitted to concurrently continue their previous UDCA treatment. The safety assessments included vital
signs and discomfort recordings during BM-MSC infusion
and 1, 6, 12, 24, 48, and 72 h after. Vital signs of the patients
remained stable during a 72 h observation, and no adverse
events were observed indicating that intravenous injection
of BM-MSCs is a safe procedure.
The eﬃcacy of BM-MSCs in UDCA-resistant PBC was
evaluated at 1, 3, 6, and 12 months after transplantation of
BM-MSCs. The life quality of the patients was improved
after transplantation of BM-MSCs as demonstrated by the
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responses to the PBC-40 questionnaire. Biochemical parameters and histological analysis conﬁrmed these ﬁndings.
Serum levels of alanine aminotransferase (ALT), AST,
GGT, and IgM signiﬁcantly decreased from baseline after
injection of BM-MSCs. Histological liver deterioration such
as ﬁbrosis was not noticed in PBC patients that received
BM-MSCs [60].
Similarly, as it was observed in the animal model of PBC
[54], this study also documented the expansion of Tregs in
peripheral blood of BM-MSC-treated patients with PBC,
further conﬁrming the importance of Tregs for beneﬁcial
eﬀects of BM-MSCs in the therapy of PBC. Increased proliferation of Tregs was accompanied with an increased presence
of Tregs in the injured livers and with a reduced number of
inﬂammatory cytotoxic CD8+ T cells in peripheral blood
and in the liver. These alterations in CD8+ T cells and Tregs
were followed by elevated serum levels of IL-10, one of the
most important MSC-derived immunoregulatory and antiinﬂammatory cytokines [32] indicating that modulation of
immune response has a crucial role in MSC-mediated attenuation of PBC.
Importantly, the optimal therapeutic eﬀect of transplanted BM-MSCs was observed at 3 to 6 months after their
injection and could be maintained for 12 months. Nevertheless, further studies are required to determine the optimal
frequency of BM-MSC infusions and to evaluate the safety
of MSC-based therapy in long-term follow-up.

6. Conclusions

5. Challenges towards Clinical Use of MSCs in
the Therapy of PBC

Conflicts of Interest

Although MSCs have been already used in two clinical
studies and obtained results were promising, there are
still several challenges that should be addressed with the
aim to improve their therapeutic potential in the therapy
of PBC.
First, immunosuppressive characteristics of MSCs should
be thoroughly analyzed and considered in future clinical
trials in order to avoid potential undesirable interactions
with the immunomodulatory drugs that are used as standard
therapy in PBC treatment.
Second, an optimal number of transplanted MSCs and
optimal frequency of MSC injections should be clearly
deﬁned with the aim to ﬁnd the right balance between safety
and eﬀectiveness of MSC-based therapy of PBC.
Finally, safety issues regarding MS-based therapy of
PBC is still a matter of debate, especially in the long-term
follow-up. The primary concern is unwanted diﬀerentiation
of the transplanted MSCs into undesired tissues, including
bone and cartilage. Local microenvironment in which MSCs
engraft contains factors that induce unwanted diﬀerentiation
of transplanted MSCs in vivo. For example, encapsulated
structures that contained calciﬁcations or ossiﬁcations were
found in the infarcted areas of the myocardium after transplantation of MSCs [67, 68]. Therefore, new research and
preclinical studies should be focused in the deﬁnition of
factors and signaling pathways that are responsible for the
fate of MSCs after their in vivo administration.

Because of their immunomodulatory properties, MSCs are
considered as new therapeutic agents for the treatment of
PBC. Results obtained in many preclinical and in two clinical
studies suggest that intravenous application of BM-MSCs or
UC-MSCs is safe and beneﬁcial therapeutic approaches for
the treatment of UDCA-resistant patients with PBC.
Immediately after intravenous injection, MSCs engraft in
the livers and create anti-inﬂammatory microenvironment
by attenuating production of inﬂammatory cytokines in
liver-inﬁltrated T cells, macrophages, and NK cells. Additionally, through the production of TGF-β, MSCs promote
the expansion of immunosuppressive Tregs and M2 macrophages which in turn, in IL-10-dependent manner, inhibit
activation of helper CD4+ T cells and suppress cytotoxicity
of CD8+ T lymphocytes, NK, and NKT cells, resulting with
the attenuation of PBC.
Nevertheless, it should be noted that both clinical trials
that demonstrated beneﬁcent eﬀects of MSCs in PBC treatment recruited a small number of patients. Accordingly, the
optimal origin, number, and frequency of transplanted MSCs
as well as safety of MSC-based therapy still have to be
conﬁrmed in long-term follow-up clinical trials with higher
numbers of enrolled patients. To address this concern, future
clinical studies have to be conducted with the aim to utterly
exploit the promising therapeutic potential of MSCs in the
treatment of PBC.
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