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ABSTRACT

Rheumatoid arthritis (RA), an auto-
immune disease, is characterised by
a persistent synovitis in the joints and
systemic inflammation. Non-steroidal
anti-inflammatory drugs (NSAIDs), cor-
ticosteroids and disease-modifying anti-
rheumatic drugs (DMARDs) are widely
used to treat RA patients. However, a
portion of patients still have inadequate
response to traditional medications.
Recently, cell-based therapies have be-
come the focus, attracting more atten-
tion due to their potential for remission
induction. Several immune-regulatory
cell types, such as haematopoietic stem
cells, mesenchymal stem cells and regu-
latory T cells have been defined as novel
targets. In this paper, we have sum-
marised and reviewed current clinical
trials using cell-based therapeutic ap-
proaches for the treatment of RA.

Introduction

Rheumatoid arthritis (RA), an autoim-
mune disease, is characterised by a per-
sistent synovitis in the joints and sys-
temic inflammation. The aetiology of
RA is not completely understood. Dys-
function in multiple lymphocytes and
excessive releasing of inflammatory
cytokines are considered to be involved
in the pathogenesis of RA. Currently,
RA therapies are mainly dependent on
non-steroidal anti-inflammatory drugs
(NSAIDs), corticosteroids and dis-
ease-modifying anti-rheumatic drugs
(DMARD:s), which are responsible for
significant improvements of the symp-
toms. However, the long-term usage of
these drugs can lead to severe adverse
effects, including infection, myelo-
suppression, liver and renal function
damage. Moreover, a number of pa-
tients still have inadequate response
to traditional medications. Therefore,
the search for highly efficient and low-
toxic therapeutic approaches is critical
for the cure of RA. Recently, several

studies focusing on stem cell trans-
plantation and targeting inflammatory
cells have shown promising results. In
this review, we have summarised the
current cell-based therapies that are ap-
plied for both experimental and clinical
treatment of refractory RA.

Haematopoietic stem cells (HSCs)
Characteristic of HSCs
Haematopoietic stem cells (HSCs) are
adult stem cells which possess multi-
lineage differentiation and self-renewal
potentials, and give rise to all cell types
within the blood lineage. HSCs lack
specific morphological features. They
were identified by virtue of high ex-
pression of CD34 and CD90 along with
lacking of lineage markers (Lin-)(1).
HSCs can be isolated from bone mar-
row, peripheral blood and umbilical
cord blood. They have several unique
abilities such as: a) they can self-re-
newal. HSCs undergo symmetric cell
divisions to self-renewal in embryonic
phase and perform asymmetric cell
division to self-renewal from the late
embryonic phase (2); b) they can dif-
ferentiate into blood cell lineages and
non-haematopoietic cells under appro-
priate conditions (3); ¢) they have pro-
liferation potentials. Most HSCs stay in
the G, phase and do not enter the cell
cycle. Only a small portion of HSCs
are responsible for proliferation at any
specific phases (4); d) they possess im-
mune-regulatory properties. HSCs can
promote regulatory T cells generation,
inhibit auto-reactive T-cells function
and reshape the immune system (5-7).

Dysfunction of HSCs in RA

Since the majority of auto-reactive im-
mune cells are the progeny of HSCs, it
is suspected that functional defects of
HSCs might exist in RA. As expected,
RA patients exhibit a low number of
bone marrow (BM) CD34* cells with
a defective clonogenic potential (8).
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Circulating haematopoietic stem/pro-
genitor cells (HSPCs) are also dimin-
ished and displayed a growth factor
non-responsiveness independent of age
and disease activity (9). Approximately
10-15% of HSPCs exhibit a disability
in proliferation, and a delay in the lin-
eage-committed cell differentiation (9,
10). The expression of toll-like receptor
(TLR) 3 and IL-1(3 on HSPCs are high
and is associated with inflammatory
status in RA patients (11). In addition,
RA HSPCs telomere length is shorter
than that in age-matched health controls
(HCs), indicating that RA HSPCs are
susceptible to senescence (9, 10). In vit-
ro, BM CD34* cells from RA patients
support spontaneous transformation of
peripheral blood B cells from HCs, sug-
gesting that HSCs might contribute to
the development of RA via sustaining
abnormal B cells response (12). Hence,
several experts have proposed that RA
is actually “a stem cell disease”.

Haematopoietic stem cell
transplantation (HSCT) for RA

Due to their immunological properties,
haematopoietic stem cell transplanta-
tion (HSCT) has emerged as a poten-
tial treatment for autoimmune disease.
Early animal experimental data dem-
onstrated that autologous HSCT could
equally abrogate established arthritis
progression and protect against re-chal-
lenge (13-16). During the period from
1997 to 2002, it has been reported that
several pilot clinical studies use autolo-
gous HSCT for refractory RA patients
who failed conventional treatment (a
mean of 5 DMARD:s in total, including
a combination treatment). A total of 73
severe RA patients underwent autolo-
gous HSCT and were registered in data-
bases of the European Group for Blood
and Marrow Transplantation (EBMT)
and the Autologous Blood and Marrow
Transplant Registry (ABMTR). This
retrospective analysis has found signifi-
cant responses from most of the patients,
with over 50% achieving American
College of Rheumatology and 50% im-
provement (ACRS50) within 12 months.
A significant reduction in the Health
Assessment Questionnaire (HAQ) was
observed within 18 months. Moreover,
the analysis pointed out that rheuma-
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toid factor (RF)-negative patients had
a good response to HSCT compared to
RF-positive patients. However, the ma-
jority of patients suffered from disease
flare after 6 months (17). These results
indicated that autologous HSCT might
be relatively well tolerated and achieve
considerably positive responses in the
short term. In 2002, another study was
performed by comparing the benefits
of autologous transplantation of CD34-
selected cells versus un-manipulated
HSCT in prolonging responses for se-
vere RA patients. The initial results
showed similar effects and recurrence
in patients using CD34-selected cells
or un-manipulated transplantation
(18). As intrinsic defect of RA HSCs
is gradually revealed, which explains
why a high frequency of recurrence is
followed the autologous HSCT. Thus,
allogeneic HSCT is initiated for severe
RA. One case report showed that using
non-myeloablative allogeneic HSCT to
treat an RA patient with a poor progno-
sis could maintain disease remission for
more than 12 months without any addi-
tional immunomodulatory medications.
No severe infection or graft-versus-host
disease (GVHD)was observed (19). The
preliminary results indicated that allo-
geneic HSCT was safe, but further in-
vestigation still appeared to be needed.
In summary, clinical evidence indicates
that HSCT is relatively well-tolerated
and maintains remission in the short-
term for severe RA patients. However,
patients need to receive a cytotoxic reg-
imen before HSCT and this has poten-
tial immunologic complications. The
benefit/risk ratio is relatively low. Thus,
HSCT has limited therapeutic capac-
ity in rare treatment-resistant patients.
More importantly, other stem cells have
been found to have an immune-reg-
ulatory role without conditioning the
regimen before transplantation. This
intense approach might be replaced in
the future by highly-efficient and low
side-effected cell therapies.

Mesenchymal stem cells (MSCs)
Properties of MSCs

Mesenchymal stem cells (MSCs) are
adult multipotent stromal cells which
are capable of self-renewal and differ-
entiating into different cell lineages in-

cluding osteoblasts, chondrocytes and
adipocytes. They are originally isolated
from bone marrow but now they can de-
rive from adipose tissue, umbilical cord,
amniotic membrane, placenta and syn-
ovium. MSCs express CD73, CD105
and CD90, but lack the haematopoietic
and endothelial markers CD34, CD45,
CDl11b, CD31, CD14, human leuko-
cyte antigens (HLA)-DR. Moreover,
MSCs express low levels of major his-
tocompatibility complex (MHC) class
I and lack MHC class II, CD40, CD80
or CD86 co-stimulatory molecules. All
these features mean that MSCs are less
immunogenic (20). Another critical fea-
ture of MSCs is the potent immunosup-
pressive capacity. MSCs inhibit T cell
proliferation and activation in response
to mitogenic or antigenic stimulation
dose-dependently through cell cycle ar-
rest in the G/G, phase (21, 22). In ad-
dition to T cells, MSCs exert inhibitory
effects on many other kinds of cells.
They are capable of suppressing B cell
proliferation and antibody production,
reducing cytotoxic activity and cy-
tokine production of natural killer (NK)
cells, along with inhibiting antigen-
presenting cells (APC) maturation and
costimulatory molecules expression
(23-27). Besides their immunosuppres-
sive action, MSCs could also induce T
cells to exhibit a regulatory phenotype
(CD4*CD25*transcription  factorfork-
head box protein 3 (foxp3)* and IL-
10-producing T cells) or recruit regula-
tory T cells (28, 29). Moreover, MSCs
could facilitate the polarisation of mac-
rophages towards an M2-like phenotype
(27, 30) and change cytokine secretion
profile of dendritic cells (DC) to be tol-
erant phenotype (31). All these MSCs-
mediated immune-regulatory effects on
both innate and adaptive immunity are
through cell-to-cell contact or secret-
ing soluble factors, such as hepatocyte
growth factor (HGF), prostaglandin-E2
(PGE2), transforming growth factor
(TGF)-f, indoleamine 2,3-dioxygenase
(IDO), IL-10 and human leukocyte an-
tigen (HLA)-G (32-35).

The immune-regulatory role

of MSCs in RA murine model

As for the ability of differentiation
into various cell types, it was initially
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considered that MSCs transplantation
(MSCT) might repair articular carti-
lage with their regenerative proper-
ties. However, transfusion of MSCs
into cartilaginous lesions did not lead
to satisfactory regenerated tissue but
fibrocartilage formation (36). Lucif-
erase-labelled MSCs that infused into
collagen-induced arthritis (CIA) mice
intravenously were detected in muscle,
lung, spleen, and brain, but not in the
joint of MSCs-treated and these infused
MSCs disappeared 11 days after treat-
ment, suggesting that the regulation of
MSCs in RA was not through differ-
entiation into new tissue but in other
ways. As mentioned above, MSCs have
been shown to exert immunomodula-
tory properties on various immune cells
in vitro. Consistently, in RA, MSCs
could also induce T cells hypo-respon-
siveness and promote CD4*foxp3*
regulatory T cells expansion (37-39).
Fibroblast-like synoviocytes (FLSs)
and osteoclast activation have been
considered to be involved in the patho-
genesis of RA. MSCs were also capa-
ble of suppressing FLSs proliferation,
invasion and secretion of inflammatory
factors (37, 38). Furthermore, a strong
inhibitory potential of MSCs on recep-
tor activator of nuclear factor-xB ligand
(RANKL)-induced osteoclast differen-
tiation was observed (40, 41). Although
in vitro studies confirmed the suppres-
sive function of MSCs on immune
cells, it was still in debate for the thera-
peutic effects on CIA mice. The first
study showed that the allogeneic MSCs
did not confer any benefit and even
worsened the disease (42), but follow-
up reports demonstrated that allogeneic
MSCs could reduce the incidence and
severity of CIA (38,43-48). The reason
for the difference in efficacy might be
related to the infusion time, dose (1075
vs. 1076), and route (intravenous injec-
tion vs. intraperitoneal injection vs. in-
traarticular injection vs. intralymphatic
injection) of administration of MSCs.
Besides, only injection of MSCs on
Day 18 and 24 improved the arthritic
symptoms, suggesting that MSCs dem-
onstrate therapeutic effect during a
narrow therapeutic window. The thera-
peutic mechanism of MSCs in CIA in-
cludes: a) to reduce the serum concen-
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tration of inflammatory cytokines and
chemokines; b) to decrease antigen-
specific Th1/Thl7expansion and shift
Th1/Th2 type responses in lymph nodes
and joints; c) to induce antigen-specific
CD4*CD25*foxp3* T cells or Trl (IL-
10*CD4*) cells generation. Importantly,
it is worth mentioning that modify-
ing MSCs such as engineered to over-
express TGF-p or IL-10 or cytotoxic
T lymphocyte antigen (CTLA)-4 or
transfected with recombinant minicir-
cles encoding TNF-o blocker could
upregulate the effect of naive MSCs on
CIA (49-51). This suggests that enhanc-
ing the immunomodulatory activity of
MSCs via gene modification might be
a gateway for new therapeutic clinical
approaches.

Clinical application of MSCT

for RA patients

Initially, a brief report showed that RA
patients that received autologous BM-
MSCs through vein or intraarticular
improved clinically and cast off steroid
(52). However, RA BM-MSCs exhib-
ited reduced proliferative potential in
association with premature telomere
length loss and altered gene expression
in focal adhesion and cell cycle path-
ways (53), making allogenic MSCs as
a possible way to achieving clinical
benefits. Allogeneic MSCs transplan-
tation into four anti-TNF failing active
RA patients showed that three out of
four patients experienced a reduction in
erythrocyte sedimentation rate, disease
activity score (DAS) 28, and pain visu-
al analogue scale (VAS) score at the 1*
and 6" month after transplantation. Two
patients had a European league against
rheumatism (EULAR) moderate re-
sponse at the 6" month but experienced
a relapse at the 7" and 23" month, re-
spectively, and two patients had no EU-
LAR response (54). The possible rea-
son why some patients had no response
might be that the inflammatory milieu
in the RA synovium adversely affected
MSC function.

The first cohort study enrolled 173
RA patients who had inadequate re-
sponses to traditional medication to as-
sess the safety and efficacy of umbili-
cal cord (UC)-MSCs plus DMARD:s.
The result demonstrated that both

HAQ and DAS28 in the UC-MSCs
plus DMARD group showed a steady
reduction after 6 months of treatment.
The inflammatory cytokine TNF and
IL-6 accompanied with RF were sig-
nificantly decreased, and peripheral
blood CD4*CD25*oxp3* regulatory T
cells were increased after 3 months in
the UC-MSC group. These results in-
dicated that clinical efficacy of MSCs
might benefit by their construction of
immune balance (55). In a phase Ib/Ila
clinical trial, intravenous infusions of
allogeneic adipose-derived MSCs (AD-
MSCs) into 46 active refractory RA pa-
tients were in general well tolerated and
clinically beneficial. However, it did
not last more than 3 months, suggesting
that cell therapy in RA would require
repeated administration (56).

Taken together, allogeneic MSCT is a
relatively safe and efficacy treatment in
refractory RA. With their high ability
of immune-regulation and low immu-
nogenicity, MSCs will be more suitable
in the clinic for refractory RA patients.

Regulatory T cells (Tregs)

Properties of Tregs

Regulatory T cells (Tregs) are cell
population specialised to maintain im-
munological self-tolerance and homeo-
stasis. The original markers of Tregs
are CD25 and foxp3. Afterwards, such
marker as CD127, CTLA-4, glucocor-
ticoid-induced TNF receptor family re-
lated gene (GITR), lymphocyte activa-
tion gene (LAG)-3, CD39 are used for
identifying Tregs (57). Tregs modulate
immune responses mainly by four basic
mechanisms:

a) to inhibit APC maturation and func-
tion. Tregs could downregulate the ex-
pression of the costimulatory molecules
CD80 and CDS86 that is necessary for
antigen presentation (58). They could
also limit APC to initiate an adaptive
immune response through interaction
between CTLA-4 and CD80/CD86 (59).
b) to induce apoptosis of target cells.
By the release of granzymes which en-
ter effector T cells, Tregs could induce
effector T cells apoptosis (60-62).

¢) to disrupt metabolic pathways. Tregs
express ecto-enzymes CD39 and CD73
which enable to catalyse the degrada-
tion of adenosine triphosphate into
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adenosine (63, 64). Binding of adeno-
sine to its receptor could not only in-
hibit effector T cells function but also
enhance Tregs generation.

d) to secret anti-inflammatory cyto-
kines. Anti-inflammatory cytokines
TGF-f3, IL-10 and IL-35 released from
Tregs are key mediators of Treg func-
tion (65-68).

Dysfunction of Tregs in RA

RA is a chronic autoimmune disorder,
in which T cells, B cells, DC and osteo-
clasts are over-activated. Tregs exhibit
suppressive ability on these cells, sug-
gesting that they are critical in hamper-
ing the development of RA (69-71).
However, there is little evidence to
show that the number of Tregs is abnor-
mal in RA patients. The ability of RA
Tregs to suppress effector T cells pro-
liferation is not impaired either. Never-
theless, they are not able to suppress the
proliferation of B cells and production
of IFN-y and TNF-a by effector T cells
(72-77). This dysfunction in Tregs is
considered to be associated with a lack
of CTLA-4 accumulation (78).

Tregs-based therapy for RA

In general, increasing the Treg number
or enhancing the suppressive function
of Tregs may prove to be beneficial in
the suppression of autoimmune dis-
eases, including arthritis. Animal ex-
periment have shown that injection of
polyclonal Tregs into CIA mice slowed
down the disease progression (79). De-
pletion of Tregs prior to immunisation
or disease presentation led to increased
incidence and severity (80, 81). An-
other animal study found that collagen
type Il-specific Treg infusion signifi-
cantly ameliorated arthritis by shifting
the Th17/Tregs balance (82). These
results suggest that Treg injection
benefits RA. Although the therapeutic
potential of Tregs is well established
in animal models, Treg-based therapy
has not been directly applied to RA
patients because of several technical
challenges. Firstly, no definite surface
markers could identify a homogenous
Treg population. In fact, activated T
cells transiently express CD25, foxp3
and CTLA-4. Transfusing Tregs might
be potentially contaminated by ef-
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fector T cells. Secondly, the expres-
sion of foxp3 is instable. A minor
population of foxp3* cells lose foxp3
expression over time, which might
become pathogenic (83). In vitro, sta-
ble foxp3 expression could be induced
in the presence of TGF-. However,
TGF-B-induced fox3* T cells are an-
ergic and produce high levels of ef-
fector cytokines (84). Thirdly, Tregs
are difficult to expand. In contrast to
mice, from which a large number of
Tregs can be isolated from spleen and
lymph node, human peripheral blood
or umbilical cord blood derived Tregs
are inherently resistant to expansion.
They are susceptible to spontaneous
cell death or cytokine-deprivation in-
duced death (85). For these problems,
strategies have been created by trans-
fecting ectopic foxp3 or anti-apoptotic
gene into T cells. These transfected
cells significantly hampered the devel-
opment of arthritis (86-88). However,
whether this technology could apply to
the clinic still needs confirmation.
Although it is difficult to expand Tregs
in vitro, attempts to recover Treg pro-
liferation ability and function in vivo
are ongoing. IL-2 is essential for Treg
maintenance and survival (89). In in viz-
ro experiments, Tregs can be expanded
by antigenic stimulation in the presence
of a high concentration of IL-2 (89).
In an in vivo system, injection of IL-2
monoclonal antibody into mice resulted
in a 10-fold expansion of Tregs (68).
Moreover, low-dose IL-2 treatment
on graft-versus-host disease (GVHD),
hepatitis C virus and cryoglobulinae-
mic vasculitis patients showed Treg
expansion without activating effector
T cells (90-92). Thus, IL-2 might show
promise in becoming a regulatory fac-
tor for Tregs in vivo. The other devel-
oping drug was rapamycin, which was
confirmed to have a positive effect on
Treg viability and expansion in GVHD
mouse models (93). In kidney trans-
planted patients receiving a rapamycin-
based immunosuppression regimen, an
increased proportion of Tregs was also
observed (94). Nevertheless, because of
the limited reports, whether this drug-
mediated Treg upregulation could be
used for RA treatment requires further
clinical trials.

B cell-targeted therapy

The role of B cells in the

pathogenesis of RA

The major role of B cells in RA is the ex-
cessive production of antibodies against
such self-antigens as RF and anticitrul-
linated protein antibodies (ACPA),
which are well-established indicators of
disease progression (95, 96). Except for
producing pathologic auto-antibodies,
B cells can act as efficient APCs. Upon
activation by cognate antigens, B cells
process and present antigens to T cells
to initiate an immune response (97). In
addition, B cells are an important source
of inflammatory cytokines. They can
produce a wide spectrum of cytokines.
An assessing cytokine profile from the
synovial fluid of RA patients showed
that B cells expressed transcripts for IL-
12p35, IL-12p40, IL-23p19, IL-7, IL-
15, TNF-a, LT-$3, B cell activating factor
(BAFF), a proliferation-inducing ligand
(APRIL) and RANKL (98). Notably,
synovial B cells expressed RANKL, a
key cytokine that promoted osteoclasts
towards osteoclastogenesis, suggesting
a positive role of B cells in bone erosion
in RA. A further study showed that plas-
ma cells and B cells were adjacent to ac-
tivated osteoclasts in RA patients and a
significant numeric correlation between
plasma cells and osteoclasts was iden-
tified (99). Moreover, a cross-sectional
cohort of RA patients revealed that the
CD5* B cell population was associated
with bone resorption (100). These re-
sults support the pathogenic role of B
cells in bone destruction.

Anti-CD20 therapy: Rituximab

Rituximab is a chimeric mouse-human
monoclonal antibody directed at the
CD20 molecule expressed on the sur-
face of human B cells. It is the first
drug to target B cells in RA. Since the
CD20 antigen is not expressed by pro-B
cells or fully differentiated plasma cells
(101), rituximab does not prevent the
regeneration of CD20-positive B cells
from precursor cells or directly interfere
with the production of immunoglobulin.
The first open-label studies on rituxi-
mab in 2001 described a beneficial ef-
fect on refractory cases of RA (102).
Afterwards, the first randomised dou-
ble-blind placebo-controlled trial (RCT)
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observed that superior ACR20/50/70
responder rates were maintained in the
rituximab plus methotrexate (MTX)
group after 48 weeks compared with
MTX or rituximab monotherapy or
rituximab plus intravenous cyclophos-
phamide (CYC) (103). Similar results
were also observed in the following
phase IIb dose-ranging trial (DANC-
ER). The DANCER study evaluated
the efficacy of MTX plus rituximab for
465 RA patients who had no response to
DMARDs. At week 24, a significantly
higher proportion of patients achieved
ACR20/50/70 and EULAR moderate/
good responses in the rituximab plus
MTX groups (104). The Phase III RCT
REFLEX study showed that more pa-
tients achieved the ACR20/50/70 and
EULAR moderate/good responses in
the rituximab with concomitant MTX
group (105). Furthermore, progression
of radiological damage was significant-
ly lower in the rituximab with concomi-
tant MTX group after 2 years (106). For
RA patients with inadequate response to
MTX, good response was also observed
in the MTX plus rituximab group in the
multicentre phase III RCT study (SE-
RENE) (107). Subsequently, open-label
trial (SUNRISE) and multicentre study
(RESET) showed the same positive re-
sults that patients who had failed anti-
TNF achieved significant efficacy after
receiving rituximab retreatment (108,
109). Recent data from CERERRA (The
European Collaborative Registries for
the Evaluation of Rituximab in Rheu-
matoid Arthritis) collaboration demon-
strated that initial treatment with RTX at
500 mg x 2 or 1000 mg % 2 showed com-
parable clinical outcomes at 6 months,
and repeated treatment with rituximab,
especially fixed-interval retreatment,
led to further clinical improvement than
on-flare retreatment (110, 111).

Anti-CD20 therapy:

Ofatumumab and Ocrelizumab
Ofatumumab and ocrelizumab are
monoclonal antibodies, humanised to
reduce immunogenicity, which target
extracellular domains of the CD20 an-
tigen. Ofatumumab has been shown to
cause selective and prolonged B cell
depletion that is mediated via multiple
pathways, and to induce potent com-
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plement-dependent cytotoxicity and
effective antibody-dependent cell-me-
diated cytotoxicity (112, 113). Phase
II/TIT clinical study results showed
that ofatumumab/ocrelizumab treat-
ment achieved ACR response and a
good/moderate EULAR response and
DAS28 improvement combined with
inhibiting joint damage progression in
RA patients with inadequate response
to MTX, but not in the case of previ-
ous anti-TNF failure (114-119). How-
ever, positive therapeutic effect was
balanced with a high incidence of se-
rious infection (117-119). Therefore,
ofatumumab/ocrelizumab has not been
licensed for clinical use in RA. To
further determine the safety of ofatu-
mumab, a recent study observed the
safety of patients who participated in
phase II and III trials receiving open-
label retreatment. The result showed
that serious infections were uncommon
and did not increase over time (120).
Therefore, whether ofatumumab/ocre-
lizumab is safe for use still needs more
results from RCT studies.

Anti-B lymphocyte stimulator

(BLyS) therapy: Belimumab

The B lymphocyte stimulator (BLyS) is
a survival factor that binds to specific
receptors on B cells. BLyS inhibits ap-
optosis of B cells and promotes their
proliferation and antibody production.
BLyS regulates the survival and matu-
ration of B cells through binding with
BAFF receptor expressed on the surface
of B cells (121). Belimumab is a mono-
clonal humanised antibody targeting
soluble BLyS and prevents BLyS from
engaging its receptors on B cells. A
Phase II multicentre RCT study evalu-
ated the therapeutic effect of different
doses of belimumab combined with
DMARDs and NSAIDs and/or pred-
nisone for longstanding moderate-to-
severe RA patients. The results showed
that ACR20 response was achieved only
by 34.7%, 25.4% and 28.2% in the 1, 4,
10 mg/kg group, respectively. However,
belimumab failed to improve ACR50/70
responses (122). Another study using
belimumab to treat RA involved 283
patients with disease activity despite
DMARD therapy. The ACR20 response
rate was only 29% 24 weeks after com-

bined DMARDs/belimumab therapy
(123). Therefore, more clinical studies
are needed to confirm the efficacy of be-
limumab treatment for RA patients.

Anti-APRIL therapy: Atacicept

APRIL is a homologue of BLyS with
biologic functions comparable to BLyS
(124). Atacicept is a human recombi-
nant fusion protein that can prevent
both BLyS and APRIL from binding
to their receptors on B cell. A phase
Ib, multicentre, RCT assessed the ef-
fect of escalating subcutaneous doses
on RF-positive RA patients. The result
indicated that although a reduction of
RF and anti-CCP antibody was ob-
served, the effect was not significant
(125). The following phase II study
(AUGUSTI) was carried out to evalu-
ate the therapeutic effect in patients
with inadequate response to anti-TNF
treatment. The result has also shown a
reduction in RF level but not enough to
cause a significant improvement in RA
patients (126). Similarly, only a mod-
est effect of atacicept was reported on
RA patients with no response to MTX
(127). Moreover, combination of ataci-
cept with rituximab was not associated
with a significant clinical benefit (128).
Due to the poor results, ataciceptis has
so far not been allowed on the market.

T cell-targeted therapy

CTLA-4 Ig: Abatacept

Abatacept, a fully human fusion protein
consisting of the extra-cellular domain
of CTLA-4 with the Fc portion of im-
munoglobulin-G1, has been listed for
the treatment for RA. Abatacept selec-
tively modulates the CD28:CD80/86
costimulation signal that is necessary
for T cell activation. Hence, abatacept
has the capacity to suppress T cell acti-
vation and proliferation.

An initial RA murine experiment found
inhibition of memory response and de-
crease in effect or memory populations
after abatacept therapy (129). Asubse-
quent animal study revealed that abata-
cept restricted antigen-specific T cell
proliferation, activation and prevented
antigen-specific T cell from acquiring T
follicular helper (Tfh) cell phenotype,
resulting in reduced specific antibody
responses in vivo (130). In RA patients,
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abatacept suppressed the myeloid den-
dritic cell-driven activation of both pe-
ripheral blood and synovial fluid CD4*
T cells in vitro (131). After treatment for
3 and 6 months, abatacept downregulat-
ed T cell effector subsets including Th1,
Th2 and Th17 (132). Moreover, after 48
weeks of treatment, abatacept induced
reduction from baseline in the propor-
tion of circulating CD8*CD28" T cells,
with this reduction directly correlated
with clinical response (133). Recently,
a marked decrease in the proportion
of Tth cells was found after abatacept
therapy, suggesting more novel T cell
subsets could be inhibited by abatacept
(134, 135).

Clinically, Phase III study results
showed that abatacept treatment ob-
viously improved ACR20/50/70 re-
sponder rate together with DAS28 and
inhibited radiographic progression in
refractory RA patients with an inade-
quate response to MTX over 6 months,
1 year, 3 years and 5 years (AIM and
ACQUIRE) (136-140). For RA patients
resistant to TNF-a inhibitors, switching
directly to abatacept plus DMARDs ex-
hibited clinical and functional benefits
in disease activity and physical function
over 6 months, 2 years and 5 years (AT-
TAIN) (141-143).

Conclusions

The development of RA is accompanied
by a breakdown of immune tolerance.
Auto-reactive T and B cells are acti-
vated, ultimately leading to persistent
synovitis and bone destruction. Clini-
cally, there is a proportion of refractory
active RA patients, who are resistant
to traditional medications. Cell-based
therapies, however, due to their abil-
ity to target auto-reactive T and B cells,
restoring immunological tolerance and
re-establishing immune balance, may
be an alternative therapeutic option for
treatment of RA. Although current clini-
cal data have shown promising effects of
cell-based therapies, much more work
is still needed to clarify several critical
aspects such as the dosage, therapeutic
window, combination therapy, long-term
effects and side effects, etc. When more
data from extensive studies is available,
cell-based therapies may be reliably
used in the treatment of RA in the future.

916

References

1.

11.

13.

MAIJETI R, PARK CY, WEISSMAN IL: Identifi-
cation of a hierarchy of multipotent hemat-
opoietic progenitors in human cord blood.
Cell Stem Cell 2007; 1: 635-45.

. ROSSIDJ, BRYDER D, WEISSMAN IL: Hemat-

opoietic stem cell aging: mechanism and con-
sequence. Exp Gerontol 2007; 42: 385-90.

. CHOTINANTAKUL K, LEEANANSAKSIRI

W: Hematopoietic stem cell development,
niches, and signaling pathways. Bone Mar-
row Res 2012; 2012: 270425.

. ORKIN SH, ZON LI: Hematopoiesis: an

evolving paradigm for stem cell biology.
Cell 2008; 132: 631-44.

. GUR H, KRAUTHGAMER R, BACHAR-LUST-

IG E et al.: Immune regulatory activity of
CD34+ progenitor cells: evidence for a de-
letion-based mechanism mediated by TNF-
alpha. Blood 2005; 105: 2585-93.

. FIORINA P, JUREWICZ M, VERGANI A et al.:

Targeting the CXCR4-CXCL12 axis mobi-
lizes autologous hematopoietic stem cells
and prolongs islet allograft survival via pro-
grammed death ligand 1. J Immunol 2011;
186: 121-31.

. FIORINA P, PIETRAMAGGIORI G, SCHERER

SS et al.: The mobilization and effect of
endogenous bone marrow progenitor cells
in diabetic wound healing. Cell Transplant
2010; 19: 1369-81.

. PAPADAKI HA, KRITIKOS HD, GEMETZI C

et al.: Bone marrow progenitor cell reserve
and function and stromal cell function are
defective in rheumatoid arthritis: evidence
for a tumor necrosis factor alpha-mediated
effect. Blood 2002; 99: 1610-9.

. COLMEGNA 1, DIAZ-BORJON A, FUJII H et

al.: Defective proliferative capacity and
accelerated telomeric loss of hematopoi-
etic progenitor cells in rheumatoid arthritis.
Arthritis Rheum 2008; 58: 990-1000.

. PORTA C, CAPORALI R, EPIS O et al.: Im-

paired bone marrow hematopoietic progeni-
tor cell function in rheumatoid arthritis pa-
tients candidated to autologous hematopoi-
etic stem cell transplantation. Bone Marrow
Transplant 2004; 33: 721-8.

LO GULLO A, MANDRAFFINO G, IMBAL-
ZANO E et al.: Toll-like receptor 3 and in-
terleukin lbeta expression in CD34* cells
from patients with rheumatoid arthritis: as-
sociation with inflammation and vascular
involvement. Clin Exp Rheumatol 2014; 32:
922-9.

. HIROHATA S, YANAGIDA T, NAKAMURA

H et al.: Bone marrow CD34* progenitor
cells from rheumatoid arthritis patients sup-
port spontaneous transformation of periph-
eral blood B cells from healthy individuals.
Rheumatol Int 2000; 19: 153-9.
KNAAN-SHANZER S, HOUBEN P, KINWEL-
BOHRE EP, VAN BEKKUM DW: Remission
induction of adjuvant arthritis in rats by
total body irradiation and autologous bone
marrow transplantation. Bone Marrow
Transplant 1991; 8: 333-8.

. VAN BEKKUM DW, BOHRE EP, HOUBEN PF,

KNAAN-SHANZER S: Regression of adju-
vant-induced arthritis in rats following bone
marrow transplantation. Proc Natl Acad Sci
USA 1989; 86: 10090-4.

15. vaN BEKKUM DW: Conditioning regimens
for the treatment of experimental arthritis
with autologous bone marrow transplanta-
tion. Bone Marrow Transplant 2000; 25:
357-64.

16. KAMIYA M, SOHEN S, YAMANE T, TANAKA
S: Effective treatment of mice with type II
collagen induced arthritis with lethal irra-
diation and bone marrow transplantation.
J Rheumatol 1993; 20: 225-30.

17. SNOWDEN JA, PASSWEG J, MOORE IJ et al.:
Autologous hemopoietic stem cell trans-
plantation in severe rheumatoid arthritis:
a report from the EBMT and ABMTR.
J Rheumatol 2004; 31: 482-8.

18. MOORE J, BROOKS P, MILLIKEN S et al.:
A pilot randomized trial comparing CD34-
selected versus unmanipulated hemopoietic
stem cell transplantation for severe, refrac-
tory rheumatoid arthritis. Arthritis Rheum
2002; 46: 2301-9.

19. BURT RK, OYAMA Y, VERDA L et al.:
Induction of remission of severe and re-
fractory rheumatoid arthritis by allogeneic
mixed chimerism. Arthritis Rheum 2004,
50: 2466-70.

20. DOMINICI M, LE BLANC K, MUELLER I et
al.: Minimal criteria for defining multipo-
tent mesenchymal stromal cells. The Inter-
national Society for Cellular Therapy posi-
tion statement. Cytotherapy 2006; 8: 315-7.

21. BEYTH S, BOROVSKY Z, MEVORACH D et
al.: Human mesenchymal stem cells alter
antigen-presenting cell maturation and in-
duce T-cell unresponsiveness. Blood 2005;
105: 2214-9.

22. JONES S, HORWOOD N, COPE A, DAZZI F:
The antiproliferative effect of mesenchymal
stem cells is a fundamental property shared
by all stromal cells. J Immunol 2007; 179:
2824-31.

23. JIANG XX, ZHANG Y, LIU B et al.: Human
mesenchymal stem cells inhibit differentia-
tion and function of monocyte-derived den-
dritic cells. Blood 2005; 105: 4120-6.

24. CORCIONE A, BENVENUTO F, FERRETTIE et
al.: Human mesenchymal stem cells modu-
late B-cell functions. Blood 2006; 107: 367-
72.

25. AGGARWAL S, PITTENGER MF: Human
mesenchymal stem cells modulate alloge-
neic immune cell responses. Blood 2005;
105: 1815-22.

26. SPAGGIARI GM, CAPOBIANCO A, BEC-
CHETTI S, MINGARI MC, MORETTA L: Mes-
enchymal stem cell-natural killer cell inter-
actions: evidence that activated NK cells
are capable of killing MSCs, whereas MSCs
can inhibit IL-2-induced NK-cell prolifera-
tion. Blood 2006; 107: 1484-90.

27. SHIN TH, KIM HS, KANG TW et al.:
Human umbilical cord blood-stem cells di-
rect macrophage polarization and block in-
flammasome activation to alleviate rheuma-
toid arthritis. Cell Death Dis 2016; 7: €2524.

28. BATTEN P, SARATHCHANDRA P, ANTONIW
JW et al.: Human mesenchymal stem cells
induce T cell anergy and downregulate T
cell allo-responses via the TH2 pathway:
relevance to tissue engineering human heart
valves. Tissue Eng 2006; 12: 2263-73.

29. GONZALEZ-REY E, GONZALEZ MA, VARELA

Clinical and Experimental Rheumatology 2018



Cell therapies for refractory RA /R. Liu et al.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

N et al.: Human adipose-derived mesenchy-
mal stem cells reduce inflammatory and T
cell responses and induce regulatory T cells
in vitro in rheumatoid arthritis. Ann Rheum
Dis 2010; 69: 241-8.

FRANCOIS M, ROMIEU-MOUREZ R, LI M,
GALIPEAU J: Human MSC suppression cor-
relates with cytokine induction of indoleam-
ine 2,3-dioxygenase and bystander M2 mac-
rophage differentiation. Mol Ther 2012; 20:
187-95.

ASKARI AT, UNZEK S, POPOVIC ZB et al.:
Effect of stromal-cell-derived factor 1 on
stem-cell homing and tissue regeneration
in ischaemic cardiomyopathy. Lancet 2003;
362: 697-703.

YANG SH, PARK MJ, YOON IH et al.:
Soluble mediators from mesenchymal stem
cells suppress T cell proliferation by induc-
ing IL-10. Exp Mol Med 2009; 41: 315-24.
DI NICOLA M, CARLO-STELLA C, MAGNI
M et al.: Human bone marrow stromal cells
suppress T-lymphocyte proliferation in-
duced by cellular or nonspecific mitogenic
stimuli. Blood 2002; 99: 3838-43.
SELMANI Z,NAJI A, ZIDI 1 et al.: Human leu-
kocyte antigen-GS5 secretion by human mes-
enchymal stem cells is required to suppress
T lymphocyte and natural killer function and
to induce CD4*CD25"¢"FOXP3* regulatory
T cells. Stem Cells 2008; 26: 212-22.
LIUR,LI X,ZHANG Z et al.: Allogeneic mes-
enchymal stem cells inhibited T follicular
helper cell generation in rheumatoid arthri-
tis. Sci Rep 2015; 5: 12777.

WAKITANI S, GOTO T, PINEDA SJ et al.:
Mesenchymal cell-based repair of large,
full-thickness defects of articular cartilage.
J Bone Joint Surg Am 1994; 76: 579-92.
ZHENG ZH, LI XY, DING J, JIA JF, ZHU P:
Allogeneic mesenchymal stem cell and mes-
enchymal stem cell-differentiated chondro-
cyte suppress the responses of type II colla-
gen-reactive T cells in rheumatoid arthritis.
Rheumatology (Oxford) 2008; 47: 22-30.
LIU Y, MU R, WANG S et al.: Therapeutic po-
tential of human umbilical cord mesenchy-
mal stem cells in the treatment of rheumatoid
arthritis. Arthritis Res Ther 2010; 12: R210.
MANCHENO-CORVO P, LOPEZ-SANTALLA
M, MENTA R et al.: Intralymphatic adminis-
tration of adipose mesenchymal stem cells
reduces the severity of collagen-induced ex-
perimental arthritis. Front Immunol 2017; 8:
462.

GARIMELLA MG, KOUR S, PIPRODE V et al.:
Adipose-derived mesenchymal stem cells
prevent systemic bone loss in collagen-in-
duced arthritis. J Immunol 2015; 195: 5136-
48.

TANAKA Y: Human mesenchymal stem cells
as a tool for joint repair in rheumatoid arthri-
tis. Clin Exp Rheumatol 2015; 33: S58-62.
DJOUAD F, FRITZ V, APPARAILLY F et al.:
Reversal of the immunosuppressive prop-
erties of mesenchymal stem cells by tumor
necrosis factor alpha in collagen-induced ar-
thritis. Arthritis Rheum 2005; 52: 1595-603.
SUN Y, KONG W, HUANG S et al.: Compa-
rable therapeutic potential of umbilical
cord mesenchymal stem cells in collagen-
induced arthritis to TNF inhibitor or anti-

Clinical and Experimental Rheumatology 2018

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

CD20 treatment. Clin Exp Rheumatol 2017,
35: 288-95.

AUGELLO A, TASSO R, NEGRINI SM, CAN-
CEDDA R, PENNESI G: Cell therapy using
allogeneic bone marrow mesenchymal stem
cells prevents tissue damage in collagen-
induced arthritis. Arthritis Rheum 2007; 56:
1175-86.

GONZALEZ MA, GONZALEZ-REY E, RICO
L, BUSCHER D, DELGADO M: Treatment of
experimental arthritis by inducing immune
tolerance with human adipose-derived mes-
enchymal stem cells. Arthritis Rheum 2009;
60: 1006-19.

MAO F, XU WR, QIAN H et al.: Immuno-
suppressive effects of mesenchymal stem
cells in collagen-induced mouse arthritis.
Inflamm Res 2010; 59: 219-25.
GONZALO-GIL E, PEREZ-LORENZO MIJ,
GALINDO M et al.: Human embryonic stem
cell-derived mesenchymal stromal cells
ameliorate collagen-induced arthritis by in-
ducing host-derived indoleamine 2,3 dioxy-
genase. Arthritis Res Ther 2016; 18: 77.
BOUFFI C, BONY C, COURTIES G, JORGEN-
SEN C, NOEL D: IL-6-dependent PGE2 se-
cretion by mesenchymal stem cells inhibits
local inflammation in experimental arthritis.
PLoS One 2010; 5: e14247.

CHOI1JJ, YOO SA, PARK SJ et al.: Mesenchy-
mal stem cells overexpressing interleukin-10
attenuate collagen-induced arthritis in mice.
Clin Exp Immunol 2008; 153: 269-76.

PARK MJ, PARK HS, CHO ML et al.: Trans-
forming growth factor beta-transduced mes-
enchymal stem cells ameliorate experimen-
tal autoimmune arthritis through reciprocal
regulation of Treg/Th17 cells and osteoclas-
togenesis. Arthritis Rheum 2011; 63: 1668-
80.

PARK N, RIM YA, JUNG H et al.: Etanercept-
synthesising mesenchymal stem cells effi-
ciently ameliorate collagen-induced arthri-
tis. Sci Rep 2017; 7: 39593.

RA JC, KANG SK, SHIN IS et al.: Stem cell
treatment for patients with autoimmune
disease by systemic infusion of culture-
expanded autologous adipose tissue derived
mesenchymal stem cells. J Transl Med 2011;
9: 181.

KASTRINAKI MC, SIDIROPOULOS P,ROCHE
S et al.: Functional, molecular and proteom-
ic characterisation of bone marrow mesen-
chymal stem cells in rheumatoid arthritis.
Ann Rheum Dis 2008; 67: 741-9.

LIANG J, LI X, ZHANG H et al.: Allogeneic
mesenchymal stem cells transplantation in
patients with refractory RA. Clin Rheumatol
2012;31: 157-61.

WANG L, CONG X, LIU G et al.: Human um-
bilical cord mesenchymal stem cell therapy
for patients with active rheumatoid arthritis:
safety and efficacy. Stem Cells Dev 2013;
22:3192-202.

ALVARO-GRACIA JM, JOVER JA, GARCIA-
VICUNAR et al.: Intravenous administration
of expanded allogeneic adipose-derived
mesenchymal stem cells in refractory rheu-
matoid arthritis (Cx611): results of a multi-
centre, dose escalation, randomised, single-
blind, placebo-controlled phase Ib/Ila clini-
cal trial. Ann Rheum Dis 2017; 76: 196-202.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

SINGER BD, KING LS, D’ALESSIO FR:
Regulatory T cells as immunotherapy. Front
Immunol 2014; 5: 46.

CEDERBOM L, HALL H, IVARS F:
CD4+*CD25* regulatory T cells down-reg-
ulate co-stimulatory molecules on antigen-
presenting cells. Eur J Immunol 2000; 30:
1538-43.

FALLARINO F, GROHMANN U, HWANG KW
et al.: Modulation of tryptophan catabolism
by regulatory T cells. Nat Immunol 2003; 4:
1206-12.

GROSSMAN WIJ, VERBSKY JW, BARCHET W
et al.: Human T regulatory cells can use the
perforin pathway to cause autologous target
cell death. Immunity 2004; 21: 589-601.
CAO X, CAI SF, FEHNIGER TA et al.: Gran-
zyme B and perforin are important for regu-
latory T cell-mediated suppression of tumor
clearance. Immunity 2007; 27: 635-46.
LEITNER J, RIEGER A, PICKL WF et al.:
TIM-3 does not act as a receptor for galec-
tin-9. PLoS Pathog 2013; 9: e1003253.
DEAGLIO S, DWYER KM, GAO W et al.:
Adenosine generation catalyzed by CD39
and CD73 expressed on regulatory T cells
mediates immune suppression. J Exp Med
2007; 204: 1257-65.

BORSELLINO G, KLEINEWIETFELD M, DI
MITRI D et al.: Expression of ectonucleoti-
dase CD39 by Foxp3* Treg cells: hydrolysis
of extracellular ATP and immune suppres-
sion. Blood 2007; 110: 1225-32.

JOETHAM A, TAKEDA K, TAUBE C et al.:
Naturally occurring lung CD4*CD25% T
cell regulation of airway allergic responses
depends on IL-10 induction of TGF-beta.
J Immunol 2007; 178: 1433-42.
NAKAMURA K, KITANI A, STROBER W: Cell
contact-dependent immunosuppression by
CD4%CD25% regulatory T cells is mediated
by cell surface-bound transforming growth
factor beta. J Exp Med 2001; 194: 629-44.
HARA M, KINGSLEY CI, NIIMI M et al.:
IL-10 is required for regulatory T cells to
mediate tolerance to alloantigens in vivo.
J Immunol 2001; 166: 3789-96.

COLLISON LW, WORKMAN CJ, KUO TT et
al.: The inhibitory cytokine IL-35 contrib-
utes to regulatory T-cell function. Nature
2007; 450: 566-9.

KELCHTERMANS H, GEBOES L, MITERAT et
al.: Activated CD4*CD25" regulatory T cells
inhibit osteoclastogenesis and collagen-
induced arthritis. Ann Rheum Dis 2009; 68:
744-50.

LIM HW, HILLSAMER P, BANHAM AH, KIM
CH: Cutting edge: direct suppression of B
cells by CD4* CD25* regulatory T cells. J
Immunol 2005; 175: 4180-3.

TIEMESSEN MM, JAGGER AL, EVANS HG
et al: CD4*CD25*Foxp3* regulatory T
cells induce alternative activation of human
monocytes/macrophages. Proc Natl Acad
Sci U S A2007; 104: 19446-51.
EHRENSTEIN MR, EVANS JG, SINGH A et al.:
Compromised function of regulatory T cells
in rheumatoid arthritis and reversal by anti-
TNF alpha therapy. J Exp Med 2004; 200:
277-85.

MOTTONEN M, HEIKKINEN J, MUSTONEN L
et al.: CD4* CD25* T cells with the pheno-

917



Cell therapies for refractory RA / R. Liu et al.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

918

typic and functional characteristics of regu-
latory T cells are enriched in the synovial
fluid of patients with rheumatoid arthritis.
Clin Exp Immunol 2005; 140: 360-7.
VALENCIA X, STEPHENS G, GOLDBACH-
MANSKY R et al.: TNF downmodulates the
function of human CD4*CD25" T-regulato-
ry cells. Blood 2006; 108: 253-61.
NADKARNI S, MAURI C, EHRENSTEIN MR:
Anti-TNF-alpha therapy induces a distinct
regulatory T cell population in patients with
rheumatoid arthritis via TGF-beta. J Exp
Med 2007; 204: 33-9.

NIE H,ZHENG Y, LIR et al.: Phosphorylation
of FOXP3 controls regulatory T cell func-
tion and is inhibited by TNF-alpha in rheu-
matoid arthritis. Nat Med 2013; 19: 322-8.
RAPETTI L, CHAVELE KM, EVANS CM,
EHRENSTEIN MR: B cell resistance to Fas-
mediated apoptosis contributes to their inef-
fective control by regulatory T cells in rheu-
matoid arthritis. Ann Rheum Dis 2015; 74:
294-302.

FLORES-BORJA F, JURY EC, MAURI C,
EHRENSTEIN MR: Defects in CTLA-4 are
associated with abnormal regulatory T cell
function in rheumatoid arthritis. Proc Natl
Acad Sci USA 2008; 105: 19396-401.
MORGAN ME, FLIERMAN R, VAN DUIVEN-
VOORDE LM et al.: Effective treatment of
collagen-induced arthritis by adoptive trans-
fer of CD25* regulatory T cells. Arthritis
Rheum 2005; 52: 2212-21.

MORGAN ME, SUTMULLER RP, WITTEVEEN
HJ et al.: CD25* cell depletion hastens the
onset of severe disease in collagen-induced
arthritis. Arthritis Rheum 2003; 48: 1452-60.
KELCHTERMANS H, DE KLERCK B, MITERA
T et al.: Defective CD4*CD25* regulatory
T cell functioning in collagen-induced ar-
thritis: an important factor in pathogenesis,
counter-regulated by endogenous IFN-gam-
ma. Arthritis Res Ther 2005; 7: R402-15.
KONG N, LAN Q, CHEN M et al.: Antigen-
specific transforming growth factor beta-in-
duced Treg cells, but not natural Treg cells,
ameliorate autoimmune arthritis in mice by
shifting the Th17/Treg cell balance from
Th17 predominance to Treg cell predomi-
nance. Arthritis Rheum 2012; 64: 2548-58.
ZHOU X, BAILEY-BUCKTROUT SL, JEKER
LT et al.: Instability of the transcription fac-
tor Foxp3 leads to the generation of patho-
genic memory T cells in vivo. Nat Immunol
2009; 10: 1000-7.

TRAN DQ, RAMSEY H, SHEVACH EM:
Induction of FOXP3 expression in naive hu-
man CD4*FOXP3 T cells by T-cell receptor
stimulation is transforming growth factor-
beta dependent but does not confer a regula-
tory phenotype. Blood 2007; 110: 2983-90.
TAAMS LS, SMITH J, RUSTIN MH et al.:
Human anergic/suppressive CD4®CD25%
T cells: a highly differentiated and apopto-
sis-prone population. Eur J Immunol 2001;
31: 1122-31.

HAQUE R, LEI F, XIONG X, WU Y, SONG J:
FoxP3 and Bcl-xL cooperatively promote
regulatory T cell persistence and prevention
of arthritis development. Arthritis Res Ther
2010; 12: R66.

OHATA J, MIURA T, JOHNSON TA et al.:

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

10

Enhanced efficacy of regulatory T cell trans-
fer against increasing resistance, by elevated
Foxp3 expression induced in arthritic mu-
rine hosts. Arthritis Rheum 2007; 56: 2947-
56.

BEAVIS PA, GREGORY B, GREEN P et al.
Resistance to regulatory T cell-mediated
suppression in rheumatoid arthritis can be
bypassed by ectopic foxp3 expression in
pathogenic synovial T cells. Proc Natl Acad
Sci USA 2011; 108: 16717-22.
TAKAHASHI T, KUNIYASU Y, TODA M et al.
Immunologic self-tolerance maintained by
CD25*CD4* naturally anergic and suppres-
sive T cells: induction of autoimmune dis-
ease by breaking their anergic/suppressive
state. Int Immunol 1998; 10: 1969-80.
KORETH J, MATSUOKA K, KIM HT et al.:
Interleukin-2 and regulatory T cells in graft-
versus-host disease. N Engl J Med 2011;
365: 2055-66.

LONG SA, RIECK M, SANDA S et al.: Rapa-
mycin/IL-2 combination therapy in patients
with type 1 diabetes augments Tregs yet
transiently impairs beta-cell function. Dia-
betes 2012; 61: 2340-8.

HIPPEN KL, RILEY JL, JUNE CH, BLAZAR
BR: Clinical perspectives for regulatory T
cells in transplantation tolerance. Semin Im-
munol 2011; 23: 462-8.

SCOTTA C, ESPOSITO M, FAZEKASOVA H
et al.: Differential effects of rapamycin
and retinoic acid on expansion, stability
and suppressive qualities of human CD4®
CD25%FOXP3™ T regulatory cell subpop-
ulations. Haematologica 2013; 98: 1291-9.
SEGUNDO DS, RUIZJC,IZQUIERDO M et al.:
Calcineurin inhibitors, but not rapamycin,
reduce percentages of CD4*CD25*FOXP3*
regulatory T cells in renal transplant recipi-
ents. Transplantation 2006; 82: 550-7.
SONG YW, KANG EH: Autoantibodies in
rheumatoid arthritis: rheumatoid factors and
anticitrullinated protein antibodies. QJM
2010; 103: 139-46.

SZODORAY P, SZABO Z, KAPITANY A et al
Anti-citrullinated protein/peptide autoanti-
bodies in association with genetic and en-
vironmental factors as indicators of disease
outcome in theumatoid arthritis. Autoimmun
Rev 2010; 9: 140-3.

TAKEMURA S, KLIMIUK PA, BRAUN A,
GORONZY JJ, WEYAND CM: T cell activa-
tion in rheumatoid synovium is B cell de-
pendent. J Immunol 2001; 167: 4710-8.
YEO L, TOELLNER KM, SALMON M et al.:
Cytokine mRNA profiling identifies B cells
as a major source of RANKL in rheumatoid
arthritis. Ann Rheum Dis 2011; 70: 2022-8.
DALBETH N, SMITH T, GRAY S et al.:
Cellular characterisation of magnetic reso-
nance imaging bone oedema in rheumatoid
arthritis; implications for pathogenesis of
erosive disease. Ann Rheum Dis 2009; 68:
279-82.

ENGELMANN R, WANG N, KNEITZ C, MUL-
LER-HILKE B: Bone resorption correlates
with the frequency of CD5® B cells in the
blood of patients with rheumatoid arthritis.
Rheumatology (Oxford) 2015; 54: 545-53.

. ANDERSON KC, BATES MP, SLAUGHEN-

HOUPT BL et al.: Expression of human B

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

cell-associated antigens on leukemias and
lymphomas: a model of human B cell dif-
ferentiation. Blood 1984; 63: 1424-33.
EDWARDS JC, CAMBRIDGE G: Sustained
improvement in rheumatoid arthritis follow-
ing a protocol designed to deplete B lym-
phocytes. Rheumatology (Oxford) 2001; 40:
205-11.

EDWARDS JC, SZCZEPANSKI L, SZECHINSKI
J et al.: Efficacy of B-cell-targeted therapy
with rituximab in patients with rheumatoid
arthritis. N Engl J Med 2004; 350: 2572-81.
EMERY P, FLEISCHMANN R, FILIPOWICZ-
SOSNOWSKAA et al.: The efficacy and safety
of rituximab in patients with active rheuma-
toid arthritis despite methotrexate treatment:
results of a phase IIB randomized, double-
blind, placebo-controlled, dose-ranging trial.
Arthritis Rheum 2006; 54: 1390-400.
COHEN SB, EMERY P, GREENWALD MW et
al.: Rituximab for rheumatoid arthritis re-
fractory to anti-tumor necrosis factor ther-
apy: Results of a multicenter, randomized,
double-blind, placebo-controlled, phase III
trial evaluating primary efficacy and safety
at twenty-four weeks. Arthritis Rheum 2006;
54: 2793-806.

COHEN SB,KEYSTONE E, GENOVESE MC et
al.: Continued inhibition of structural dam-
age over 2 years in patients with rheumatoid
arthritis treated with rituximab in combi-
nation with methotrexate. Ann Rheum Dis
2010; 69: 1158-61.

EMERY P, DEODHAR A, RIGBY WF et al.:
Efficacy and safety of different doses and
retreatment of rituximab: a randomised, pla-
cebo-controlled trial in patients who are bio-
logical naive with active rheumatoid arthritis
and an inadequate response to methotrexate
(Study Evaluating Rituximab’s Efficacy in
MTX iNadequate rEsponders (SERENE)).
Ann Rheum Dis 2010; 69: 1629-35.

MEASE PJ, COHEN S, GAYLIS NB et al.
Efficacy and safety of retreatment in pa-
tients with rheumatoid arthritis with previ-
ous inadequate response to tumor necrosis
factor inhibitors: results from the SUNRISE
trial. J Rheumatol 2010; 37: 917-27.
HARAOUI B, BOKAREWA M, KALLMEYER
I, BYKERK VP: Safety and effectiveness of
rituximab in patients with rheumatoid ar-
thritis following an inadequate response to 1
prior tumor necrosis factor inhibitor: the RE-
SET Trial. J Rheumatol 2011; 38: 2548-56.
CHATZIDIONYSIOU K, LIE E, LUKINA G et
al.: Rituximab Retreatment in Rheumatoid
Arthritis in a Real-life Cohort: Data from
the CERERRA Collaboration. J Rheumatol
2017; 44: 162-9.

CHATZIDIONYSIOU K, LIE E, NASONOV E
et al.: Effectiveness of two different doses
of rituximab for the treatment of rheuma-
toid arthritis in an international cohort: data
from the CERERRA collaboration. Arthritis
Res Ther 2016; 18: 50.

GLENNIE MIJ, FRENCH RR, CRAGG MS,
TAYLOR RP: Mechanisms of killing by anti-
CD20 monoclonal antibodies. Mol Immunol
2007; 44: 3823-37.

TEELING JL, MACKUS WIJ, WIEGMAN LIJ et
al.: The biological activity of human CD20
monoclonal antibodies is linked to unique

Clinical and Experimental Rheumatology 2018



Cell therapies for refractory RA /R. Liu et al.

114.

115.

116.

117.

118.

119.

120.

12

122.

epitopes on CD20. J Immunol 2006; 177:
362-71.

OSTERGAARD M, BASLUND B, RIGBY W
et al.: Ofatumumab, a human anti-CD20
monoclonal antibody, for treatment of rheu-
matoid arthritis with an inadequate response
to one or more disease-modifying anti-
rheumatic drugs: results of a randomized,
double-blind, placebo-controlled, phase I/IL
study. Arthritis Rheum 2010; 62: 2227-38.
TAYLOR PC, QUATTROCCHI E, MALLETT
S et al.: Ofatumumab, a fully human anti-
CD20 monoclonal antibody, in biological-
naive, rheumatoid arthritis patients with an
inadequate response to methotrexate: a ran-
domised, double-blind, placebo-controlled
clinical trial. Ann Rheum Dis 2011; 70:
2119-25.

GENOVESE MC, KAINE JL, LOWENSTEIN
MB et al.: Ocrelizumab, a humanized anti-
CD20 monoclonal antibody, in the treat-
ment of patients with rheumatoid arthritis:
a phase I/Il randomized, blinded, placebo-
controlled, dose-ranging study. Arthritis
Rheum 2008; 58: 2652-61.

RIGBY W, TONY HP, OELKE K et al.: Safety
and efficacy of ocrelizumab in patients with
rheumatoid arthritis and an inadequate re-
sponse to methotrexate: results of a forty-
eight-week randomized, double-blind, place-
bo-controlled, parallel-group phase III trial.
Arthritis Rheum 2012; 64: 350-9.

TAK PP, MEASE PJ, GENOVESE MC et al.:
Safety and efficacy of ocrelizumab in pa-
tients with rheumatoid arthritis and an inade-
quate response to at least one tumor necrosis
factor inhibitor: results of a forty-eight-week
randomized, double-blind, placebo-con-
trolled, parallel-group phase III trial. Arthri-
tis Rheum 2012; 64: 360-70.

STOHL W, GOMEZ-REINO J, OLECHE et al.:
Safety and efficacy of ocrelizumab in com-
bination with methotrexate in MTX-naive
subjects with rheumatoid arthritis: the phase
IIT FILM trial. Ann Rheum Dis 2012; 71:
1289-96.

QUATTROCCHI E, OSTERGAARD M, TAY-
LOR PC et al.: Safety of repeated open-label
treatment courses of intravenous ofatu-
mumab, a human Anti-CD20 monoclonal
antibody, in rheumatoid arthritis: results
from three clinical trials. PLoS One 2016;
11: e0157961.

.CANCRO MP: The BLyS family of ligands

and receptors: an archetype for niche-spe-
cific homeostatic regulation. Immunol Rev
2004; 202: 237-49.

MUANGCHAN C, VAN VOLLENHOVEN RF,
BERNATSKY SR et al.: Treatment algorithms
in systemic lupus erythematosus. Arthritis

Clinical and Experimental Rheumatology 2018

123.

124.

125

126.

127.

128.

129.

130.

131.

132.

133.

Care Res (Hoboken) 2015; 67: 1237-45.
ROLL P, MUHAMMAD K, SCHUMANN M,
KLEINERT S, TONY HP: RF positivity has
substantial influence on the peripheral mem-
ory B-cell compartment and its modulation
by TNF inhibition. Scand J Rheumatol 2012;
41: 180-5.

GROSS JA, DILLON SR, MUDRI S et al.:
TACI-Ig neutralizes molecules critical for B
cell development and autoimmune disease.
impaired B cell maturation in mice lacking
BLyS. Immunity 2001; 15: 289-302.

. TAK PP, THURLINGS RM, ROSSIER C et al.:

Atacicept in patients with rheumatoid arthri-
tis: results of a multicenter, phase Ib, double-
blind, placebo-controlled, dose-escalating,
single- and repeated-dose study. Arthritis
Rheum 2008; 58: 61-72.

GENOVESE MC, KINNMAN N, DE LA BOUR-
DONNAYE G, PENA ROSSI C, TAK PP: Ataci-
cept in patients with rheumatoid arthritis
and an inadequate response to tumor ne-
crosis factor antagonist therapy: results of
a phase II, randomized, placebo-controlled,
dose-finding trial. Arthritis Rheum 2011; 63:
1793-803.

VAN VOLLENHOVEN RF, KINNMAN N,
VINCENT E, WAX S, BATHON J: Atacicept
in patients with rheumatoid arthritis and an
inadequate response to methotrexate: results
of a phase II, randomized, placebo-controlled
trial. Arthritis Rheum 2011; 63: 1782-92.
VAN VOLLENHOVEN RF, WAX S, LI Y, TAK
PP: Safety and efficacy of atacicept in com-
bination with rituximab for reducing the
signs and symptoms of rheumatoid arthritis:
a phase II, randomized, double-blind, place-
bo-controlled pilot trial. Arthritis Rheumatol
2015; 67: 2828-36.

NDEJEMBI MP, TEJARO JR, PATKE DS et al.:
Control of memory CD4 T cell recall by the
CD28/B7 costimulatory pathway. J Immunol
2006; 177: 7698-706.

PLATT AM, GIBSON VB, PATAKAS A et al.:
Abatacept limits breach of self-tolerance in
a murine model of arthritis via effects on the
generation of T follicular helper cells. J Im-
munol 2010; 185: 1558-67.

MORET FM, BIJLSMA JW, LAFEBER FP, VAN
ROON JA: The efficacy of abatacept in reduc-
ing synovial T cell activation by CD1c¢ mye-
loid dendritic cells is overruled by the stimu-
latory effects of T cell-activating cytokines.
Arthritis Rheumatol 2015; 67: 637-44.
PIEPER J, HERRATH J, RAGHAVAN S et al.:
CTLA4-Ig (abatacept) therapy modulates
T cell effector functions in autoantibody-
positive rheumatoid arthritis patients. BMC
Immunol 2013; 14: 34.

SCARSI M, ZIGLIOLI T, AIRO P: Decreased

134.

135.

136.

137.

138.

139.

140.

14

—_

142.

143.

circulating CD28-negative T cells in pa-
tients with rheumatoid arthritis treated with
abatacept are correlated with clinical re-
sponse. J Rheumatol 2010; 37: 911-6.
NAKAYAMADA S, KUBO S, YOSHIKAWA
M et al.: Differential effects of biological
DMARD:s on peripheral immune cell pheno-
types in patients with rheumatoid arthritis.
Rheumatology (Oxford) 2018; 57: 164-74.
FUKUYO S,NAKAYAMADA S,IWATAS et al.:
Abatacept therapy reduces CD28*CXCRS5*
follicular helper-like T cells in patients with
rheumatoid arthritis. Clin Exp Rheumatol
2017; 35: 562-70.

KREMER IM, GENANT HK, MORELAND LW
et al.: Effects of abatacept in patients with
methotrexate-resistant active rheumatoid
arthritis: a randomized trial. Ann Intern Med
2006; 144: 865-76.

KREMER JM, GENANT HK, MORELAND LW
et al.: Results of a two-year followup study
of patients with rheumatoid arthritis who re-
ceived a combination of abatacept and meth-
otrexate. Arthritis Rheum 2008; 58: 953-63.
KREMER JM, RUSSELL AS, EMERY P et al.:
Long-term safety, efficacy and inhibition
of radiographic progression with abatacept
treatment in patients with rheumatoid arthri-
tis and an inadequate response to methotrex-
ate: 3-year results from the AIM trial. Ann
Rheum Dis 2011; 70: 1826-30.

KREMER JM, PETERFY C, RUSSELL AS et
al.: Longterm safety, efficacy, and inhibi-
tion of structural damage progression over 5
years of treatment with abatacept in patients
with rheumatoid arthritis in the abatacept in
inadequate responders to methotrexate trial.
J Rheumatol 2014; 41: 1077-87.
GENOVESE MC, TENA CP, COVARRUBIAS A
et al.: Subcutaneous abatacept for the treat-
ment of rheumatoid arthritis: longterm data
from the ACQUIRE trial. J Rheumatol 2014;
41: 629-39.

.GENOVESE MC, BECKER JC, SCHIFF M et

al.: Abatacept for rheumatoid arthritis re-
fractory to tumor necrosis factor alpha inhi-
bition. N Engl J Med 2005; 353: 1114-23.
GENOVESE MC, SCHIFF M, LUGGEN M et
al.: Efficacy and safety of the selective co-
stimulation modulator abatacept following
2 years of treatment in patients with rheu-
matoid arthritis and an inadequate response
to anti-tumour necrosis factor therapy. Ann
Rheum Dis 2008; 67: 547-54.

GENOVESE MC, SCHIFF M, LUGGEN M et
al.: Longterm safety and efficacy of abata-
cept through 5 years of treatment in patients
with rheumatoid arthritis and an inadequate
response to tumor necrosis factor inhibitor
therapy. J Rheumatol 2012; 39: 1546-54.

919



