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(Ravelli and Martini 2007). All possible causes of chronic 
arthritis, which are recognized to date, need to be excluded 
to make the diagnosis of JIA (Giancane et al. 2016). Clas-
sification of JIA encompasses seven categories of the dis-
ease based on the criteria set by the Pediatric Task Force of 
the International League of Associations for Rheumatology 
(Petty et al. 2004). Three main subtypes are presented by 
oligoarthritis, polyarthritis and systemic onset disease (sJIA) 
(Hahn and Kim 2010).

The detailed etiology of JIA remains unclear. According 
to Hinks et al. (2013), genetic factors constitute only 18% 
of the pathogenesis. Hence, JIA is considered to develop 
in genetically susceptible individuals due to environmen-
tal triggers, and primarily infections. Molecular mimicry 
of bacterial peptides is postulated to produce autoimmune 
arthritis (Verwoerd et al. 2016).

Pathomechanism of JIA involves both innate and adaptive 
immune response. Auto-reactive T lymphocytes, predomi-
nantly T helper 1 (Th1) and Th17 cells, play a crucial role in 
the development of arthritis as they cluster around antigen-
presenting cells, secrete proinflammatory cytokines inter-
feron (IFN)-γ and interleukin (IL)-17, and simultaneously 
stimulate the remaining synovial cells to induce inflamma-
tion (Hahn and Kim 2010). B cells produce immunoglobu-
lins, specifically rheumatoid factor and antinuclear antibod-
ies, without identified specific molecular targets, whereas 
macrophages, monocytes and synovial fibroblasts secrete 
plethora of inflammatory mediators (Huang 2012). The 
most significant of them, which are responsible for promot-
ing autoimmune process, chronic inflammation and subse-
quent tissue destruction are, namely: tumor necrosis factor 
(TNF)-α, IL-1β and IL-6 (McInnes and Schett 2007).

Current treatment guidelines, which include non-steroid 
anti-inflammatory drugs (NSAIDs), corticosteroids, conven-
tional disease-modifying anti-rheumatic drugs and biologic 
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Introduction

Juvenile idiopathic arthritis (JIA) is the most common cause 
of chronic arthritis in childhood. It is not a homogenous 
entity as the definition applies to all forms of synovial joint 
inflammation without identified etiology which lasts for 
at least 6 weeks and with onset before the age of 16 years 
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therapies, are not fully effective in up to 50% of rheumatic 
patients (Shin et al. 2016). They cannot explicitly repair the 
multifactorial immune response in JIA patients, what may 
provide as a reason of persistence and recurrence of arthritic 
symptoms (Wang et al. 2016). Therefore, new therapeutic 
approaches have been sought to reduce inflammatory activ-
ity of joints more adequately.

Intra-articular injection of mesenchymal stem cells 
(MSCs) has become one of novel perspectives for JIA 
patients. While recommended biologic agents are designed 
to hit a single molecular target, MSCs can adjust the secre-
tion of numerous macrophage-derived cytokines and thus 
restore the balance of immune response (Shin et al. 2016).

Trials conducted in adults diagnosed with rheumatoid 
arthritis (RA) support the effectiveness of MSCs in severe 
course of disease, refractory to aforementioned standard 
treatment (Ansboro et al. 2017). Besides, there is growing 
body of evidence on using MSCs in pediatric population 
(Norambuena et al. 2012). The aim of this article is to review 
the recent findings on using MSCs in patients with JIA.

Characteristics of MSCs

First isolation of MSCs dates back to 1968 (Friedenstein 
et al. 1974). These multipotential cells proved to have the 
capability of self-renewal and differentiate primarily into 
adipogenic, chondrogenic and osteogenic lineages (Pittenger 

et al. 1999). MSCs reside at the abluminal surface of sinu-
soidal blood vessels in bone marrow (BM) (MacFarlane 
et al. 2013), but they can also be harvested from periphery, 
including adipose tissue, synovium, umbilical cord (UC) 
and placenta (Zhang et al. 2012). Laboratory recognition of 
MSCs relies on their adherence to plastic (Colter et al. 2000) 
and expression of certain surface markers, such as CD44 
(hyaluronate receptor), CD73 (ecto-5′-nucleotidase), CD90 
(Thy-1), CD105 (endoglin) and CD106 (vascular cell adhe-
sion molecule 1) (Jorgensen et al. 2003; Noel et al. 2002). 
MSCs do not present on their surface hematopoietic cell 
markers, including CD11a, CD14, CD19, CD34 and CD45 
(Cipriani et al. 2013). Furthermore, human leukocyte anti-
gen (HLA) class II molecules are not detectable on MSCs 
and they express low levels of HLA class I (Burt et al. 2002). 
Although the presence of human leukocyte antigens on the 
surface of MSCs can be stimulated by IFN-γ, they are unable 
to express HLA co-stimulants, specifically CD40, CD80 and 
CD86. Therefore, they manage to act besides the immune 
surveillance (Deans and Moseley 2000). Interestingly, they 
can be provided by universal donor as allogeneic MSCs, are 
not rejected and they retain their attributes (Di Nicola et al. 
2002). Their potential to render immune response is reported 
in both in vitro and in vivo studies (Bartholomew et al. 2002; 
Di Nicola et al. 2002). MSCs can modulate inflammation 
using a vast array of mechanisms (Fig. 1) of both adaptive 
and innate immune response (Contreras et al. 2016). They 
are able to inhibit B and effector T cells, promote induction 

Fig. 1   Mechanisms of action of MSCs. MSC mesenchymal stem cell, 
CD cluster of differentiation, Th T helper cell, Treg T regulatory cell, 
IL interleukin, TNF-α tumor necrosis factor α, TGF-β transforming 

growth factor β, NK natural killer cell, NLRP3 NACHT, LRR and 
PYD domains-containing protein 3
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of CD4+CD25+FoxP3+ regulatory T cells (Tregs), sup-
press maturation of dendritic cells, stimulate macrophage 
differentiation into anti-inflammatory M2 phenotype and 
reduce effectiveness of natural killer T cells (Abdelrazik 
et al. 2011; Ansboro et al. 2017). Moreover, in response to 
stimulation by IFN-γ, MSCs secrete soluble factors includ-
ing prostaglandin-E2 (PGE2), transforming growth factor 
(TGF)-β, indoleamine 2,3-dioxygenase (IDO), hepatocyte 
growth factor and IL-10 (Di Nicola et al. 2002; English 
2013; Nemeth et al. 2009; Spaggiari et al. 2008; Uccelli 
and de Rosbo 2015). The specific role of each molecule was 
listed in Table 1.

Tissue source of MSCs is postulated to affect the immu-
nosuppressive effects of MSCs. Specifically, BM-derived 
and adipose-derived MSCs appeared to have greater chon-
drogenic potential, whereas synovium-derived MSCs 
are more likely to differentiate into osteogenic lineages 
(Djouad et al. 2005). MSCs harvested from adipose tissue 
are reported to have greater impact on T cells and monocytes 
compared to BM-MSCs. In a study performed by Melief 
et al. (2013), application of adipose-derived MSCs resulted 
in higher level of functional suppression of peripheral blood 
mononuclear cells, stronger inhibition of dendritic cells for-
mation and higher production of aforementioned cytokines. 
Additionally, adipose-derived MSCs are easier to be iso-
lated and expanded. Thus, they seem to have the greatest 
capability of being included in new therapeutic strategies 
(MacFarlane et al. 2013).

Potential Role of MSCs in JIA

During a focal injury, MSCs tend to migrate to sites of local 
damage, demonstrating high motility and paracrine pro-
duction of cytokines to improve the repair of damaged tis-
sues (Wang et al. 2016). Subsequently, these cells promote 
angiogenesis and inhibit fibrosis (Norambuena et al. 2012). 
According to Swart et al. (2008), systemic administration of 
MSCs supported the healing of incisional wounds.

While MSCs are normally present in human synovial 
fluid, their count is much lower in RA than in osteoarthri-
tis. There is growing body of evidence that native MSCs 
in patients with autoimmune diseases might be impaired 
(Cipriani et al. 2013). Nie et al. (2010) reported early signs 
of senescence in culture of these cells in systemic lupus ery-
thematosus patients. Likewise, MSCs harvested from RA 
patients manifest limited proliferation capacity, presumably 
due to decreased telomere length (Kastrinaki et al. 2008). 
Whole-genome analysis of synovial MSCs in RA patients 
and healthy donors performed by Hou et al. (2016) showed 
difference of expression in 4828 genes. Notwithstanding, 
despite their functional aberrations, MSCs seem to sustain 
their suppressive capability in vitro (Bocelli-Tyndall et al. 
2007). According to Calkoen et al. (2013), MSCs from 
patients with systemic JIA did not show significant differ-
ences in anti-inflammatory effect when compared to healthy 
controls. Overall, administration of MSCs might improve a 
disease course of inflammatory arthritis.

Heretofore, clinical trials involving the MSC therapy 
were limited to patients with severe RA refractory to stand-
ard treatment. It might re-establish the systemic immune 
balance and produce better outcomes when given within 
the early phase of rheumatoid process before the devel-
opment of sequelae (Ansboro et al. 2017). To date, there 
are no specific criteria assessing the effectiveness of using 
MSCs in rheumatoid diseases. Shalev-Malul et al. (2016) 
postulated that measuring of the overall inhibition level of 
effector T cells may be used as the functional biomarker 
of the effects of cell-based therapy in RA patients. Since 
the long-term results of MSCs are not fully elucidated yet, 
there are only a few published studies involving pediatric 
population (Table 2). Nonetheless, similarities in autoim-
mune background between RA and JIA allow to extrapolate 
the findings of reports on using MSCs in RA into pediatric 
patients with JIA.

In accordance with Shin et al. (2016), infusion of UC-
MSCs generally down-regulated serum levels of TNF-α, 
IL-1β and IL-6. As MSCs secrete PGE2, they effectively 
suppress NLRP3 inflammasome-mediated IL-1β secre-
tion. Furthermore, they also disturb the balance between 
subtypes of macrophages in favor of anti-inflammatory M2 
cells, which secrete, among others, IL-10 and TGF-β, and 
subsequently inhibit the production of TNF-α (Swidrowska-
Jaros et al. 2016).

Clinical Studies

Most published clinical studies have used intravenous 
infusions of MSCs to control systemic inflammatory dis-
ease. Similarly, this kind of procedure may be considered 
for future use in children with sJIA (Calkoen et al. 2013). 

Table 1   Molecules secreted by mesenchymal stem cells after IFN-γ 
stimulation

HGF hepatocyte growth factor, IDO indoleamine 2,3-dioxygenase, 
iTregs induction of regulatory T cells

Molecule Role in immune response

PGE2 iTregs
TGF-β iTregs
IDO Major factor in contact-dependent 

suppression of effector T cells
HGF Mediator of expansion of myeloid-

derived suppressor cells
IL-10 Inhibition of Th1-related cytokines
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Although, patients with oligoarticular JIA may get more 
benefits from local intra-articular administration. Intra-
articular injection of CD146+ UC-MSCs is reported to 
alleviate collagen-induced arthritis in mice through pro-
moting chondrogenesis, suppressing activation of Th17 
cells and inhibiting excretion of IL-6 (Wu et al. 2016). 
However, the authors did not observe the difference in pro-
duction of anti-inflammatory IL-10 between CD146+ and 
CD146− cells. A proof-of-concept clinical trial reported 
by Jo et al. (2014) involved the intra-articular injection 
of autologous adipose-derived MSCs in the osteoarthritic 
knee in adults. Function improvement without causing 
adverse effects has been noted. Furthermore, Park et al. 
(2016) proposed experimental overexpression of soluble 
receptor for advanced glycation end products to optimize 
immunoregulatory properties of adipose-derived MSCs.

Ten cases of JIA patients were treated in two time-
points with intravenous infusion of UC-MSCs in a study 
conducted by Wang et  al. (2016). Patients continued 
their conventional treatment within the follow-up period. 
Three months after first infusion, authors noted signifi-
cant improvement of disease activity and laboratory tests 
results—decrease of white blood count, erythrocytes sedi-
mentation rate and C-reactive protein, increase of Tregs 
and decline of TNF-α and IL-6—whereas no statistical 
difference between two assessed time-points was observed.

Intra-articular injection of autologous BM-derived 
MSCs in four children was reported by Wakitani et al. 
(2011). There were no complications observed during a 
6-year follow-up study. Most recently, a phase II clinical 
trial has been proposed by Swart et al. (2015). Six chil-
dren with JIA resistant to treatment with local prednisone, 
NSAIDs and methotrexate were set to be injected intra-
articularly with allogeneic MSCs to study their immuno-
suppressive effects. The current midway report suggested 
a slight improvement of disease activity and magnetic 
resonance image.

Conclusions

Mesenchymal stem cells seem to deserve a regular place 
in therapeutic strategies of JIA as a rational alternative 
for patients who did not respond properly to non-invasive 
treatment. Intra-articular injection is specifically worth 
considering in patients with oligoarticular JIA, where local 
reduction of inflammation may outweigh benefits of long-
term systemic therapy.

Consistent results of clinical trials are essential to elim-
inate unforeseen side effects and introduce MSCs into eve-
ryday practice of pediatric rheumatologists.
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