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For several decades, multipotent mesenchymal stromal cells (MSCs) have been

extensively studied for their therapeutic potential across a wide range of diseases. In

the preclinical setting, MSCs demonstrate consistent ability to promote tissue healing,

down-regulate excessive inflammation and improve outcomes in animal models. Several

proposed mechanisms of action have been posited and demonstrated across an array of

in vitro models. However, translation into clinical practice has proven considerably more

difficult. A number of prominent well-funded late-phase clinical trials have failed, thus

calling out for new efforts to optimize product delivery in the clinical setting. In this review,

we discuss novel topics critical to the successful translation of MSCs from pre-clinical to

clinical applications. In particular, we focus on the major routes of cell delivery, aspects

related to hemocompatibility, and potential safety concerns associated with MSC therapy

in the different settings.

Keywords: cellular therapy, mesenchymal stromal cell, clinical translation, safety, cell delivery, hemocompatibility,

complement, coagulation

INTRODUCTION

The study of multipotent mesenchymal stromal cells (MSCs) and their usefulness for treating
human injury and disease is almost 40 years old and has evolved through a number of phases
roughly defined by the most commonly proposed mechanisms of action (MoA) at work. Interest
in MSCs began as a study of bone marrow stromal cells in the 1970s by Friedenstein and
contemporaries (1). This grew into an interest in their osteogenic differentiation potential in
the late 1980s, and later broadened to trilineage differentiation (bone, fat, cartilage) (2). Cell
fusion was briefly considered as a possible mechanism of repair (3–6). Aside from MSCs, a
multitude of other stem cell populations with distinct properties have been isolated from adult
rodent and human tissue, including multipotent adult progenitor cells (MAPCs) (7). Today,
many studies focus on paracrine growth and immunomodulatory factors as key mediators of
MSC’s therapeutic effect, identified to protect injured tissue and to encourage endogenous repair
mechanisms (8). In 2006, the International Society for Cellular Therapy (ISCT) published their
first position statement on defining minimal criteria for MSCs (9), followed by several updates
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mainly focusing on the refinement of standards for therapeutic
efficacy (10–12). Efforts to further refine cell pharmacology and
drug delivery are ongoing (13). Thus, it becomes apparent that
MSC research has undergone numerous advancements over time,
in order to understand and benefit from the interesting properties
of these cells. In this review, we will discuss key translational
hurdles to clinical applications of MSCs. We will first outline
popular cell delivery methods specific to their clinical application
and then address newly identified efficacy and safety concerns
regarding specific delivery methods (14).

ROUTES OF THERAPEUTIC CELL
DELIVERY

A number of notable efforts have been made to compare the
efficacy of different routes of MSC administration, which has
become increasingly difficult with the large number of pre-
clinical and clinical studies that are being published daily (14–18).
Despite a number of direct comparisons in animal models and
efforts to compare specific routes in a limited number of clinical
trials, there is no consensus on the optimal method for MSC
delivery (Figure 1), with specific limitations or advantages being
associated with either method in clinical situations. Numerous
methods for delivery of MSCs exist today and it stands to reason
that different clinical indications and pathologies will require
different delivery routes for optimal therapeutic efficacy (19, 20).
Notably, a number of efforts are being made to develop MSC-
derived exosomes or extracellular vesicles as a new “cell-free”
way to recapitulate MSC activity with unique challenges and
considerations (21).

Many investigators and industry driven studies rely on
practical or logistical considerations (22). Nonetheless, new data-
driven approaches for product optimization are currently being
tested that integrate desired therapeutic MSC properties with
representative simulated microenvironment interactions in vitro
in an effort to determine optimal delivery and improve clinical
outcomes (23–25). Selecting a suitable delivery route for future
studies should also include a consideration of the desired MoA,
and whether MSC culture techniques sufficiently highlight that
mechanism, and if MSCs can be better primed by an alternative
method (26).

Here, we will briefly discuss the rationale behind the
most common delivery methods –topical application, intra-
muscular (IM) or direct injection (DI) into tissues/organs, intra-
venous (IV) infusion, and intra-arterial (IA) infusion, followed
by notable considerations and translational challenges from
preclinical to clinical application.

Topical Application and Local Injection
Classically, localized topical application or injection of a cell
therapy into a specific site or target tissue, e.g., intramuscular or
penumbral area of an injury, has been shown to be very useful
for precision delivery of MSCs and to increase the engraftment
of therapeutic cells at a specific site of interest (14, 27). These
strategies are often associated with a tissue replacement strategy
or direct paracrine support as a MoA and can be particularly

useful when combined with specifically tailored exogenous
support systems and biomaterials to guide MSC-host interaction
and encourage endogenous therapeutic actions (28, 29).

While the direct differentiation and replacement of host tissue
by MSCs has been challenged as a result of a different activity,
such as cell fusion or transfer of genetic material (6, 30–34),
there are also some notable recent reports of MSCs directly
contributing to tissue regeneration, such as in recent work in
trachea and esophageal replacement (35, 36).

Topical application of MSCs is the least invasive method of
delivery and has demonstrated great potential in the fields of
burn medicine and wound care. Topically applied MSCs have
improved outcomes, wound healing, and skin graft survival
in burn wounds, diabetic-related wounds, and other chronic
wounds (37, 38). Using a fibrin polymer spray system, Falanga
et al. demonstrated that topically applied MSCs improved wound
closure rates in a preclinical model, as well as in patients with
chronic non-healing lower extremity wounds (39).

Intra-muscular (IM) delivery of MSCs, like topical
application, presents a safe and simple method for cell delivery
and, furthermore, leads to improved dwell time compared to
other routes such as IV, intra-peritoneal (IP) and subcutaneous
cell delivery (40). In the study by Braid et al. IM delivery of MSCs
in a mouse model led to survival of human MSCs for up to 5
months after injection. In addition to extended dwell time, IM
skeletal muscle fibers provide a highly vascular conduit for local
and systemic release of trophic factors and support for MSC
paracrine actions (27).

In critical limb ischemia (CLI), for example, MSCs may
exert their restorative effects via promotion of angiogenesis and
revascularization of ischemic tissue (41). A recent Cochrane
analysis of autologous cells treatments, including bone marrow
(BM)-MSCs, for CLI found no differences between IA and
IM deliveries (42). Furthermore, Soria et al. found that IM
delivery may be superior to IA delivery regarding the mitigation
of adipose tissue (AT)-derived MSCs prothrombotic properties
(43). Interestingly, work by Lataillade et al. has also shown
promising effects of local IM-injections of MSCs in dosimetry-
guided surgery treatment of radiations burns (44), while both,
local IM and systemic IV delivery of MSCs and MSC-like cells
has led to rescue from lethal radiation in animal models (45, 46).

In addition to topical and IM delivery, early investigative
efforts often focused on the potential of MSCs to repair tissues by
local engraftment and/or differentiation via direct injection (DI)
into the target tissue or organ. Pre-clinical studies in neurological
disease, such as stroke, attributed the beneficial effects of MSCs
to their ability to engraft and differentiate into neurons and/or
glia (47). However, the notion that MSCs can differentiate into
functioning neuronal cells was subsequently challenged and
appears unlikely (48–50).

Others contended that MSC engraftment facilitated
endogenous neurorestorative mechanisms such as promotion of
host neural and glial cell remodeling (51, 52). Regardless of the
MoA, DI has potential advantage of bypassing the blood-brain
barrier to increase delivery of cells into the central nervous
system (CNS). For example, a recent Phase 1/2a clinical trial
investigated intra-cerebral implantation of the SB623 MSC
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FIGURE 1 | Delivery Routes Common for MSC therapies. Depicted above are the main methods that MSC are administered to target tissues, accompanied by some

limitations of each approach.

cell line in adults with chronic, non-hemorrhagic stroke via
magnetic resonance imaging (MRI) stereotactic guidance into
the peri-infarct area (53). The authors concluded that MSC
implantation was safe, feasible and also improved neurologic
outcomes at 12 months. However, important to note, is that the
study was limited by patient selection (only 4.7% of screened
patients were enrolled) and a lack of a control/placebo group.

Direct injection (DI) of MSCs has also been widely utilized
for the treatment of cardiac disease—both acute myocardial
infarction (AMI) and ischemic heart failure (IHF)—via open
trans-epicardial and catheter-based trans-endocardial injection.
There have been numerous preclinical and clinical trials in
recent years, but here we will highlight only a few selected
studies. Important to note, the notion thatMSCs can differentiate
into cardiomyocytes or promote cardiac stem cell proliferation
and differentiation have largely been abandoned in the past
decade. Furthermore, even the existence of resident adult
cardiac stem cells has recently been challenged and appears
unlikely (54, 55).

The PROMETHEUS trial investigated the use of intra-
myocardial MSC injections into non-revascularized ischemic
myocardium in patients undergoing coronary artery bypass
grafting (CABG) for IHF and found improvements in regional
myocardial and global left ventricular (LV) function (56). The
authors rationalized the use of intra-myocardial injections based
on the theory the MSCs exert their effects predominately at the
injection site via release of anti-fibrotic matrix metaloproteases
and stimulation of neovascularization.

Indeed, the authors found that the effect of MSC injection
dropped off as a function of distance from the injection site.
Of note, this study involved only 6 patients and no control

group. However, a recently published, randomized trial of intra-
myocardial injection of mesenchymal precursor cells (MPCs)
in 159 patients with advanced heart failure undergoing left
ventricular assist device (LVAD) placement found that MPC
therapy did not demonstrate improvement in the primary
outcome, weaning from LVAD support within 6months (57). The
authors also noted that one potential factor for the lack of efficacy
may have been the use of trans-epicardial injections, which can
lead to significant cell loss.

A systematic review and meta-analysis of MSC delivery
methods in preclinical and clinical AMI found that trans-
endocardial injections produced more favorable results in swine
models in comparison to direct implantation (intra-myocardial)
(58). Furthermore, the trans-endocardial approach allows for a
minimally invasive, catheter-based direct implantation of cells
into the myocardium and avoids the invasive thoracotomy,
and thus additional risks for patient harm, required for trans-
epicardial delivery.

There are several significant risks and considerations unique
to DI delivery of MSC. Among them are reports of MSC
differentiating into problematic tissue/ectopic tissue formation
(59, 60), particularly heterotopic ossification into ectopic bone
(61, 62). Additionally, localized DI may prohibit interactions
between therapeutic MSCs and potential host secondary
signaling systems in the lung, spleen, and peripheral blood,
thus limiting their repertoire of therapeutic MoA. Consideration
must also be given to the logistics and feasibility of various DI
approaches, as delivering sufficiently high cell numbers to the
selected target tissue can create significant clinical risk due to
required surgeries, such as laminectomies to treat spinal cord
injuries (63).
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Intra-arterial Infusion
There is substantial evidence that MSCs exert their effects largely
via direct cell contact and local paracrine effects, as opposed
to engraftment and differentiation within the target organ (64,
65). Additionally, upon systemic infusion, the interaction with
endogenous inflammatory and tissue repair signals, such as
immune cells and the innate immune cascade systems in the
bloodstream likely influences MSCs responses, bio-distribution
and homing to injured or diseased tissues (14, 66).

Intra-arterial (IA) delivery may prove the most efficacious
method in one treatment indication, but may be potentially
harmful in another. IA delivery of MSCs allows for infusion
of cells within the local vascular system of the target organ
without the physical risks of direct implantation and pitfalls of
IV administration, especially the trapping of cells within the lung
microvasculature, and may thus allow more cells to reach the
intended target tissue (17, 65, 67).

Importantly, based on a survey of published results (68),
the IA delivery of MSCs for stroke entails the potential risk
of cerebral infarcts, caused by emboli of cells in the cerebral
microvasculature. Factors such as vascular access, cell size, cell
dosage and delivery speed must be considered, especially when
delivering cells into coronary or cerebral arteries (69, 70).

In AMI several clinical trials have demonstrated safety
and improvements in functional outcomes with the use of
intracoronary infusion of MSCs and other BM cell populations
(71–73). Here, IA delivery is likely a valid option, as it avoids
invasive procedures (which are not part of the usual care in AMI)
and ensures delivery of cells to the area of focal tissue injury
and hypoxia.

As mentioned above, the SafeCell Heart study demonstrated
significant improvements in LVEF with intracoronary MSC
delivery (74). IA cell delivery has also been utilized in other
pathologies including, but not limited to intra-carotid delivery
in stroke, intra-renal delivery for renovascular disease, and intra-
hepatic delivery for cirrhosis (75–77). However, the efficacy of IA
MSC delivery in the above examples is still under investigation.

Intra-venous Infusion
The most commonly used method to apply MSCs is via
IV infusion, due to the relative ease and limited risk
(14). This method results in a large number of MSCs
accumulating in the lungs, but also distributing throughout
the body and other organs, such as the spleen, throughout
24–48 h (67, 78–80). Similar to intra-arterial delivery of cell
therapies, IV administration is most often associated with
mechanisms involving secondary signaling effector cell systems
and interactions with the host immune system (64, 80, 81).

Most of the attempts at developing a commercial cell therapy
have used IV administration in order to facilitate use at
multiple centers. Perhaps most widely known, the systemically
IV-infused Remestemcel-L (Prochymal) has been developed by
Osiris Therapeutics (Now Mesoblast), to primarily treat graft-
vs.-host disease (GvHD) (82). Other notable efforts also include
the use of Multistem, a multipotent adult progenitor cell that
is somewhat similar to MSCs, to treat ischemic stroke (83) and
our own use of cell therapies to treat traumatic brain injury (84).

Common among these approaches is the use of cell therapies to
modulate inflammation and activation of the immune system in
order to decrease inflammation-related secondary injuries and
restore homeostasis.

Among the considerations specific to IV administration are
the same concerns about cells generating emboli or thrombi,
however, with the advantage of the lung capturing potential
vascular obstructions before they can disrupt other organ
function. IV infusion certainly may result in limited numbers of
cells reaching target tissues, a more transient persistence of cells,
and a dilution of paracrine factors reaching target tissues. Finally,
while it may be part of MSCs MoA in modulating immune
responses (85), IV delivery likely facilitates the rapid removal of
clinical MSCs by innate host immune cells (14, 86).

Additional Routes of Administration
Several additional routes of MSC administration are notable
for consideration for some specific applications. Intra-nasal
(IN) administration of MSCs is promising route to treat
neurologic pathologies that avoids the risks associated with
direct injection of cells into the CNS. Preclinical data has
demonstrated efficacy of IN MSCs across a spectrum of
CNS disorders, including perinatal ischemic brain injury,
subarachnoid hemorrhage, and neurodegenerative disorders
such as Parkinson’s disease (20, 87–90).

Intrathecal (IT) administration of MSCs, often through
lumbar puncture, has shown benefit in preclinical and clinical
studies across a wide array of neurologic disorders, including
chronic neuropathic pain secondary to spinal cord injury
(91–94), amyotrophic lateral sclerosis (ALS) (95–97), and
epilepsy (98, 99).

Intravitreal administration of MSCs has demonstrated
improvement in outcomes in several animal models of retinal
injury and dysfunction (100–104); however, the safety of
intravitreal injection of MSCs in humans is still an area of clinical
concern (105).

Furthermore, the administration of MSCs during ex vivo
perfusion of solid organs, e.g., in kidney transplantation or injury,
avoids the trapping of cells in the lung and spleen and permits
direct interaction of MSCs with the target tissue (106). Gregorini
et al. demonstrated that delivering MSCs during hypothermic
machine perfusion improved outcomes in a rat model of ischemic
kidney injury (107). Recently, Sierra Parraga et al. demonstrated
that machine perfusion of MSCs supports their function and
survival, although more work will be required to determine the
optimal conditions for perfusion (108). Notably, these strategies
may reduce the need for immunosuppression to prevent organ
rejection (109).

TRANSLATIONAL HURDLES WITH
SYSTEMIC AND LOCAL DELIVERY

Any therapeutic modality, whether a new pharmacologic agent
or surgical procedure, must not only be efficacious, but also safe
for the patient. While the vast majority of preclinical and clinical
studies have found MSCs to be safe and well-tolerated (110),
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the rise of unregulated and unproven stem cell interventions
have resulted in several reported clinical adverse events (14, 60).
Here we will highlight mechanisms by which MSCs may cause
unwanted or adverse reactions, including interactions with the
host’s innate and adaptive immune system, as well as their
tumorigenic potential (Figure 2).

Triggering of Innate Immune Responses by
MSCs
Systemically infused MSCs activate the host innate immune
cascade systems, such as complement and coagulation, termed
the instant blood-mediated inflammatory reaction (IBMIR) (14,
66, 111). IBMIR was first used to describe the procoagulant
activity of pancreatic islet cells and hepatocytes in relation to their
expression of procoagulant tissue factor (TF/CD142) (112, 113).

MSCs demonstrate similar effects when they contact human
blood with variable amounts of procoagulant activity when
isolated from different issues (14). They normally reside in
the perivascular space around blood vessels, are predominantly
excluded from direct contact with blood, and express variable
amounts of procoagulant TF, first described on placenta-derived
decidual stromal cells (DSCs) (114).

The effects of ex vivo expanded MSCs administered IV
into patients include a significant increase in complement C3
activation fragment a (C3a) and the coagulation activation
marker thrombin-antithrombin complex (TAT), which was
accompanied by a decrease in platelet counts and a significant
increase in fibrinolysis marker D-dimer (111, 115). Importantly,
MSC’s TF expression was shown to increase as cell passage
increases, and the procoagulant effect of MSCs increases as their
TF expression increases (14).

Furthermore, in a study investigating human BM- and
AT-derived MSCs, TF expression and procoagulant activity were
measured using flow cytometry and calibrated automated
thrombogram and thromboelastography, respectively,
demonstrating large donor and tissue variability (116). A
causal relationship between MSC-associated TF with clot
formation has also been demonstrated in human blood using
flow cytometry to measure the density of TF on different types of
MSCs (24), finding that MSC induce a dose-dependent change in
clotting time and thrombin production based on TF expression.

Several authors demonstrated a reduction in procoagulant
activity in MSCs when the cells were diluted or treated with
TF pathway blocking reagents (24, 111, 117). Multiple authors
also found that heparin can nullify accelerated clotting time
due to MSC associated TF in vitro (115, 117–119). These data
highlight the importance of monitoring MSC’s procoagulant
activity and provide a possible clinical solution. Thus, MSC-
associated TF must be considered as a safety release criterion
prior to administration in patients (14).

While a substantial number of in vitro investigations have
demonstrated that MSCs exert a procoagulant effect after blood
contact, there are limited reports of MSC-associated thrombotic
events in humans in the literature, specifically in established
clinical trials (60). One of the first reports involved the use
of human placenta-derived MSC-like cells in a Phase 1b/2a

study in Crohn’s disease. The authors reported that two patients
suffered from venous thrombosis after infusion (120), and posit
TF expression on clinical-grade therapeutic MSCs as a possible
cause (111).

Furthermore, subsequent in vitro studies comparing placenta-
derived DSCs to BM-MSCs found a 15-fold higher expression of
TF in the DSCs (115), which may help to explain the results from
the above study. The need for increased caution with perinatal
tissue (PT)-derived MSC products is further substantiated by a
recent report of thromboembolism in two patients treated with
umbilical cord MSC products (121).

Another key report of thrombotic events was in a trial
that evaluated the use of autologous AT-derived MSCs to treat
patients with critical limb ischemia (CLI) (122). The investigators
found that two of the patients, both of whom also had diabetes,
developed distal microthrombi after infusion. Interestingly, the
investigators found no cases of thrombotic events when using
autologous AT-MSCs in non-diabetic patients or autologous BM
mononuclear cells (BM-MNCs) from diabetic patients.

It was subsequently demonstrated that AT-MSCs from
diabetic patients release higher levels of plasminogen activator
inhibitor type 1, reduced levels of tissue plasminogen activator,
and lower d-dimer formation in comparison to non-diabetic AT-
MSCs, all of which might lead to blunted fibrinolytic activity.
Furthermore, these diabetic-derived AT-MSCs upregulated TF
expression and displayed altered platelet-derived growth factor
(PDGF) signaling, which was abrogated using PDGF-BB
treatment (123).

There are other case reports of MSC-associated thrombotic
events. A man who presented with chest pain was found to
have small bilateral pulmonary emboli 1 month after receiving
the last of multiple systemic infusions of AT–derived MSC for
herniated cervical discs (124). His parents were reported to
also have had MSC infusion for osteoarthritis, and both were
found to have small pulmonary emboli, although neither was
symptomatic. No evidence of hypercoagulable disease was found
in any family member. There was no clear mention of the
exact source of the clinical MSCs infused, or if these patients
received MSCs in conjunction with a clinical trial. There is an
additional media report of a 73 year old man who died from a
pulmonary embolism after receiving an infusion of AT-derived
stromal cells in Japan (125). It appears that this patient was not
enrolled in any published clinical trial, and the company involved
has come under intense scrutiny. In both of the latter two
cases, there are few details regarding the source, manufacturing
process and testing of the cells, as well as details surrounding the
treating parties.

While the evidence for MSC-associated thrombotic events
is nominal, there is a need to ensure the safety of MSC
therapy, including their procoagulant effects (14). Furthermore,
many patients who may benefit from MSC therapy—those
with inflammatory mediated disorders, diabetes, cancer, cardiac
dysfunction, or trauma-related injuries—are likely to have an
acquired hypercoagulable state or are at high risk of a thrombotic
event secondary to their primary disease process. Therefore, we
must continue to monitor the pro-thrombotic effects of MSCs as
part of release criteria and in clinical trials.
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FIGURE 2 | Translational challenges with systemic and local cell delivery. (A-D) Therapeutic cell production / conditioning (e.g., 2D vs. 3D culture and cytokine

priming) and the mode of cell delivery (e.g., systemic intravascular infusion vs. local injection) have a major impact on the cell product’s immunogenic properties

(shown in A), and consequent rapid triggering of innate and adaptive immune responses (shown in B,C), thus affecting its therapeutic efficacy, engraftment and

tumorigenicity (shown in D). The MSC product’s immunogenic properties are affected by numerous cell-bound and secreted immunoregulatory mediators (e.g.,

complement regulators, coagulation regulator TFPI, or regulators of the adaptive immune response, such as co-stimulatory molecule expression, sHLA-G and

galectin-1). The cells can also exhibit a number of immunogenic features, such as procoagulant TF-expression, cellular stress signals (e.g., PS), and immunogenic

antigens (e.g., allo, xeno, and blood groups). (B) The innate coagulation and complement cascade systems are two of the major effector arms of the instant

blood-mediated inflammatory reaction (IBMIR) that can recognize blood-incompatible therapeutic cell features and thus trigger the detrimental thromboinflammation

compromising cellular therapeutics. The innate immune cascade systems employ multiple sophisticated molecular sensors (e.g., FVII and FXII, or C1q and MBL,

respectively), to recognize aberrant cell surface molecular features on infused therapeutic cells (e.g., TF and PS, respectively), which can trigger innate immune

cascade activation and amplification by effector cells (e.g., platelets, PMNs, monocytes/macrophages, and T/B cells), potentially leading to adverse reactions (e.g.,

cell lysis, inflammation, sequestration and rejection). (C) Innate and adaptive effector cell modulation: triggering of IBMIR and therapeutic cell injury/disintegration

promotes the release of various bioactive molecules, in itself and from dying MSCs, upon crosstalk with the responsive host immune system, such as activated

clotting factors (e.g., thrombin), anaphylatoxins (C3a and C5a), opsonins (iC3b, and C3d/g), and MSC-derived constituents (e.g., microparticles, cytokines and growth

factors) in a highly conditional manner, thus greatly amplifying the initial signal, leading to modulation of multiple effector cell types. This can result in alloimunization

and consecutive cellular and humoral responses (e.g., T-cells and B-cells alloantibodies), but also in the induction and release of multiple immunoregulatory and

regenerative cell types and mediators (e.g., Tregs, Mregs, TolDCs, MPs, and PMs). (D) A large fraction of the infused therapeutic cells is lost within the first hours to

days of infusion due to the triggering of instant innate immune responses, which can be furthermore aggravated by triggering of adaptive immune responses in case

of allogeneic cell products. Studies on MSC persistence in vivo have shown prolonged survival, dwell-time, and engraftment by alternative routes of delivery (e.g., local

injection in conjunction with biomaterials), although long-term engraftment is very limited and ectopic tissue formation rarely reported. Currently, patient clinical

(Continued)

Frontiers in Immunology | www.frontiersin.org 6 July 2019 | Volume 10 | Article 1645

https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Caplan et al. Translational Challenges in MSC Therapy

FIGURE 2 | responses are still sub-optimal for many MSC therapeutics leaving room for improvement in long-term survival. AT, antithrombin; FI-FXII / FIa-FXIIa; native

and activated coagulation factors I-XII; TF / TFPI, tissue factor and tissue factor pathway inhibitor; C3/5-9, complement component 3 and 5 to 9; C3a/C5a, activation

fragment a of complement component 3 and 5; C3b/iC3b/C3d(g), complement component 3 sequential degradation fragments b, inactivated fragment b and d(g);

complement regulatory molecules: CD35, complement receptor 1, CD46/MCP, membrane cofactor protein; CD55/DAF, decay accelerating factor; CD59, protectin; FI

and FH, complement factor I and H; PS, phosphatidyl-serine; MAC, membrane attack complex; and MHC-II, major histocompatibility complex class-II; sHLA-G,

soluble human leukocyte antigen G; MPs and PMs, MSC and immune cell-derived micro-particles and paracrine mediators; Tregs, Mregs and TolDCs,

immunogerulatory T-cells, myeloid cells, and tolerogenic dendritic cells.

The complement system, another major part of the innate
immune cascade systems, is one of the first lines of defense
against foreign pathogens. It is not surprising that systemically
infused MSCs activate and interact with the complement system
(126). In fact, the complement system appears to play a critical
role in initiating the immunomodulatory reaction between
infused therapeutic MSCs and host cells (127). What role the
complement system plays in MSC’s MoA and how it affects their
efficacy is currently under investigation.

Early studies by Tu et al. revealed that MSCs constitutively
express factor H, a complement inhibitor (128); however, even
when augmented by the presence of pro-inflammatory cytokines
TNF-α and IFN-γ, the overall production of factor H by MSCs
proved relatively insignificant in comparison to overall systemic
levels. Subsequently, the same group and others demonstrated
that although MSCs express cell-surface complement regulators,
MSCs activate the complement system upon contact with
human sera in vitro, leading to cytotoxicity in a dose-dependent
manner (126, 129, 130).

Blockade of these complement inhibitors led to increased
cytotoxicity, while both upregulation of CD55 (a cell-
surface complement inhibitor) on MSCs via transfection
with recombinant adenovirus, and addition of anti-C5
immunoglobulin significantly reduced MSCs cytotoxicity
after contact with serum. Li et al. also determined allogeneic
MSCs caused increased complement activation, with associated
increased cytotoxicity, in comparison to autologous MSCs (126).

In order to prevent complement-mediated cytotoxicity
against therapeutic cell products, investigators have engineered
complement-resistant MSCs. Heparin is known to inhibit
complement activity, and systemic administration of heparin
reduced MSC cell damage after infusion (131). In order to
prevent unwanted anti-coagulation effects of systemic heparin
administration, the authors then demonstrated that incubation
of MSCs with activated heparin led to binding of heparin to the
surface of MSCs and furthermore, these “heparin-painted” MSCs
showed less surface deposition of complement C3 activation
fragment b (C3b/iC3b) and suffered less cell damage after contact
with serum.

The proposed mechanism of heparin-mediated protection
involves recruitment of factor H binding to the MSC cell-
surface. Subsequent “painting” of factor H onto MSCs via pre-
incubation led to decreased complement deposition onto MSCs
surface, reduced cell damage, and increased cell survival in vitro
and in vivo (132). In addition, MSCs with factor H incubation
attenuated C5a release, which significantly reduced complement-
mediated activation of neutrophils and led to improvement in
MSC function and reduced cell damage.

Investigators have also engineered human MSCs via
transduction of a retrovirus encoding genes from human
cytomegalovirus (HCMV), which downregulated HLA1
expression on MSCs without increased vulnerability to NK
killing (133). Furthermore, HCMV is known to incorporate the
host-encoded complement inhibitor proteins and upregulate
host-encoded CD55 and CD46 in order to evade the innate
immune system. Soland et al demonstrated that induction of
MSCs with the specific HCMV US2 protein led to upregulated
expression of complement inhibitors CD46, CD55, and CD59,
and a reduction in complement mediated MSC lysis (129).

While further investigation into engineered MSCs as
described above is certainly necessary, the ability to evade or
attenuate complement-mediated cell damage and lysis may prove
crucial to the efficacy of future MSC therapeutics (86). Further
investigation has demonstrated a much more complex relation
between MSCs and the complement system, with discrepancies
between pre-clinical and clinical results. In a clinical trial of
patients receiving MSC infusions for treatment-resistant GvHD,
the investigators examined the relationship between complement
activation, immunosuppressive potential of the MSCs in vitro
and the clinical effectiveness of MSC therapy in vivo (127). MSCs
activation of the complement system was found to mediate
effector cell activation and modulate their immunomodulatory
activity in a multifactorial manner.

This finding was mechanistically substantiated by using in
vitro inhibition of complement function, which resulted in
decreased CD11b upregulation on effector cells. Furthermore,
MSC’s ability to activate the complement system was found to
correlate with its immunosuppressive potential in vitro: MSCs
with increased complement activating properties demonstrated
increased suppression of peripheral blood monocyte (PBMC)
proliferation in mixed lymphocyte reactions (MLRs) and
increased ability to trigger CD11b+ effector cells in whole
blood. Surprisingly, the authors found an inverse correlation
between the immunosuppressive potential of the MSCs in
vitro and their clinical effectiveness in human patients, with
average suppressing cells yielding the most beneficial therapeutic
effects in vivo.

Importantly, it appears that substantial differences exist with
respect to complement activation and potential efficacy of fresh
vs. freeze-thawed MSCs upon systemic infusion (86). Freeze
thawed MSCs were found to demonstrate increased activation
of the IBMIR and susceptibility to complement-mediate cell
lysis (130). Similar changes in the immunomodulatory capacity
of MSC due to cryopreservation have also been reported
elsewhere: such as the alteration of MSC-mediated attenuation
of T cell activation, inflammatory cytokine concentrations, and
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an increased susceptibility of MSC to lysis by mixed immune
cells (134, 135).

In the clinical sample evaluated (130), the majority of GvHD
patients were treated with freeze-thawed MSCs with a small
number of fresh culture-derived MSCs being available for
comparison; while the study lacked sufficient power and thus
should be considered with caution, as also emphasized in the
discussion, the authors noted an interesting trend of improved
clinical outcomes with fresh MSCs, especially those delivered at
early passage, in comparison to freeze-thawed MSCs (130, 136).

Overall, it is now evident that MSCs activate the complement
system upon contact with blood, which appears to be positively
correlated with their immunosuppressive ability in vitro.
Furthermore, freeze-thawed MSCs, in comparison to fresh
MSCs, demonstrated an increased triggering of the IBMIR
and associated complement-mediated lysis in vitro, leading
to a significant reduction in viable cells (130, 137). What
remains unanswered is: (1) how and to what extent complement
activation influences the clinical efficacy of systemic MSC
therapy, and (2) whether fresh MSCs are subject to decreased
complement-mediated lysis and, as a result, are more effective
clinically than freeze-thawed MSCs in vivo.

Triggering of Adaptive Immune Responses:
Autologous vs. Allogeneic MSCs
A comprehensive review of the immunobiology of MSCs and
the many ways that MSCs interact with the local and systemic
immune system in both normal and activated systems is beyond
the scope of this review, and has previously been covered in
several notable efforts to consolidate the literature (138–141). It
would not be an understatement to say that MSCs have extensive
possible interactions with every major component of the immune
system through a combination of paracrine activity, extracellular
matrix remodeling, direct contact-based signaling, and more
recently, through the use of extracellular vesicles.

These wide-ranging putative molecular mechanisms have
made it incredibly difficult for the field to come to a meaningful
consensus regarding the effects of self vs. donor antigens, further
complicated by the additional xenogenic antigens introduced
during common cell culture techniques (such as expansion in
FBS) (137, 142, 143). Until recently, MSCs were widely reported
to be immune privileged, enabling their use as an allogeneic
therapy without concurrent immunosuppression.

As the field increasingly focused on the immunobiology
of MSCs, there was a correlating rise in the number of
studies that found that MSCs were not exempt from immune
recognition. As summarized in a number of more comprehensive
literature reviews (140, 144–146), allogeneic MSCs with poorly
matched HLA can and do generate both innate and humoral
responses from the immune system, albeit responses that
appear to be dependent upon the conditional expression
and balance of both immune-activating antigens (such as
MHCs) and immune-modifying cytokines, molecules and
metabolites, like tumor necrosis factor-inducible gene 6 (TSG-
6), galectin-1, prostaglandin E2 (PGE2), and indoleamine 2,3-
dioxygenase (IDO).

The eventual immune recognition of allogeneic and HLA-
mismatched MSCs has become increasingly implicated as
a barrier to clinical efficacy (140). On the one hand, the
huge number of pre-clinical studies in both xenogeneic and
allogeneic systems and clinical studies using allogeneic cells
without regard to conventional graft-vs.-host compatibility
considerations indicate that MSC efficacy is often independent
of the eventual immune “rejection” of donor MSCs, either by
virtue of MSC activity occurring prior to immune recognition
or perhaps even due to a MoA that includes the host
immune system.

In a recent report it was found that MSCs can modulate the
immune system by being engulfed by antigen presenting cells,
and that the subsequent display of MSC antigens by antigen-
presenting cells (APCs) results in a chain of anti-inflammatory
activity and downstream therapeutic outcomes (85). On the other
hand, the recognition and removal of MSCs by the host immune
system may also limit the duration and possible efficacy of a
number of MSC MoAs.

Among a number of strategies to evade immune recognition,
there is a large amount of interest in the use of biomaterials and
engineering techniques to shield MSCs from immune activity
to prolong paracrine activity (29, 147, 148), efforts to further
decrease the immunogenicity of cells (149–151), sophisticated
banking strategies to allow for autologous or HLA-matched
cells to treat acute injuries in a timely fashion (152, 153),
and conventional pharmaceutical immunosuppression given
temporarily, all to provide a larger window for MSC activity in
vivo (154, 155).

It is our opinion and that of others (86, 136, 140, 156), that
reducing the activity of the host immune system is likely to also
reduce the therapeutic efficacy of MSCs, as we feel that many of
the pleiotropic effects of MSCs require the participation of the
host immune system.

Cell Engraftment and Tumorigenicity
The potential for malignant transformation ofMSCs is of obvious
concern. Because MSC therapy involves ex-vivo production and
expansion of cell lines, and even allogeneic MSCs have the
capacity to escape elements of immune recognition, it is crucial
to ensure that transplanted or infused cells do not contain
transformed, potentially tumorigenic cells (157).

Concerns for the tumorigenic potential initially came from
studies of mouse-derived MSCs transplanted into a mouse
model (158). The murine-derived BM-MSCs used in the study
were reported to spontaneously transform into malignant
fibrosarcomas in multiple organs in vivo after systemic infusion
into immunocompromised mice. Of note, this same study also
evaluated human MSCs and found no evidence of malignant
potential in vitro.

Another study demonstrated that the injection of mouse
MSCs with spontaneous p53 mutations led to development of
fibrosarcomas at the site of injection in immunocompetent mice
(159). Yet, there was no evidence that the transfer of MSCs
without such mutations led to tumor formation. Transformed
MSCs have also been identified for other non-human species.
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The authenticity of such findings is difficult to confirm in non-
human cells, as many of such studies lack true verification by
modern stringent methods, such as short tandem repeat (STR)
profiling (160).

Additional reports of spontaneous malignant transformation
of human MSCs further intensified concerns for the tumorigenic
potential of MSCs. Two separate studies identified spontaneous
malignant transformations of human MSCs in culture, and
injection of these transformed cells led the development of
tumors in mice (161, 162). However, the findings from both
of these studies have since been retracted, as the MSC cultures
in both instances were found to have been contaminated with
established malignant human cell lines (163).

While two more recent studies have demonstrated, and
confirmed using STR analysis, the development of malignant
transformation of MSCs in both cynomolgus macaques and
human cell lines (164–166), there are, in contrast, far more
studies that have demonstrated that ex vivo expanded human
MSCs are rather resistant to malignant transformation, even after
long-term culture, development of chromosomal aberrations,
and application of physical and chemical stress (167–169), and
that they undergo senescence rather than becoming tumorigenic.

Further reports concerning the genetic instability of MSCs
appear to be grossly overstated and even misleading (170, 171).
In addition, studies of Good Manufacturing Practices (GMP)
gradeMSCs have also demonstrated a lack of malignant potential
in vitro and in vivo (172, 173). While the possibility of rare
tumorigenic transformations in MSCs cannot be ignored, careful
monitoring of cell cultures, minimization of in vitro expansion
length and evaluation for cytogenic aberrations when concerns
rise should be considered (174).

Human MSCs have been used clinically for more than two
decades, the majority from BM, but also increasingly also
from other sources. To date, there are no clinical studies that
have attributed MSC therapy to the development of tumors
or malignancy. A meta-analysis of 36 studies, including 8
randomized control trials (RCTs), involving 1,012 patients found
no evidence of association between MSCs and tumor formation
(110). A 2013 report from the ISCT noted that although the
risk of tumorigenicity of MSCs had yet to be confirmed or
denied, no tumors have been diagnosed in patients that would
originate from administered MSCs (175). While it appears that
MSC therapy is safe and well-tolerated in human subjects, the
risk of tumorigenicity must continue to be studied both in clinical
trials with long-term follow up and during the culture/expansion
process prior to any therapeutic infusion.

COMPARATIVE STUDIES FOR OPTIMAL
DELIVERY

Two important considerations exist in determining optimal cell
delivery. The first consideration is patient safety. The second
consideration is the efficacy of a therapy. If DI, IA, or IV
demonstrate similar clinical effectiveness, then the least invasive
method of cell delivery is preferred. But doMSCs work differently
when delivered DI v. IA v. IV? Here we have selected a few

examples of preclinical and clinical studies that have compared
cell delivery methods head to head in order to demonstrate
potential advantages/disadvantages of one method over another.

In heart disease, DI into myocardium may not provide
improved MSC engraftment rates or outcomes over IA infusion.
In a model of porcine model of ischemic cardiomyopathy,
animals received either surgical implantation, trans-endocardial
injection, or intracoronary infusion of autologous MSCs
and were euthanized 4 h after infusion (176). DI of MSCs
via surgical implantation or trans-endocardial injection
led to only 16 and 11% retention of MSCs within the
myocardium, respectively. The majority of the cells, around
45%, accumulated in non-target organs for all three delivery
methods. Intracoronary infusion led to similar rates of intra-
myocardial MSC retention as DI (both 11%). IA delivery
necessitates the need for patent vasculature and, therefore,
may not provide benefit in pathologies such as AMI or
ischemic stroke secondary to occluded internal carotid or
intra-cerebral arteries.

There have also been investigations of IA vs. IV cell
delivery, especially in stroke, as endovascular treatments have
become increasingly utilized (70). Byun et al. demonstrated
that IA delivery leads to improved cerebral engraftment and
outcomes over IV delivery in a rat model of cerebral infarction
(177). A meta-analysis of preclinical studies of MSCs in
ischemic stroke models found that although DI provided
the greatest benefit, all 3 methods of delivery—DI, IA, and
IV— consistently demonstrated significant improvement in
outcomes (178).

Direct comparison of delivery methods is often lacking in
clinical trials due to logistical concerns. Furthermore, pooled
meta-analysis and systematic reviews often combine different cell
types, related pathologies and delivery methods. Therefore, the
following small selection of studies is limited and should not be
considered a representative sample.

In stroke, a pooled analysis of clinical trials using multiple
cells types, largely BM-MNCs and MSCs, Jeong et al. determined
that IA provided increased benefit over DI or IV (179).
Furthermore, the SafeCell Heart study, a systematic review and
meta-analysis of cell therapy in heart disease, found that IA and
intra-myocardial (catheter-directed trans-endocardial) infusions
provided significant improvements in LVEF, which were not seen
with trans-epicardial or IV cell delivery (74).

In another meta-analysis of preclinical and clinical studies
of MSCs in cardiac disease, Kanelidis et al. found that cell
delivery method did have an effect on outcomes in AMI,
and that trans-endocardial and IV delivery improved outcomes
in both swine models and clinical trials, while IA infusion
with subsequent intracoronary delivery did not demonstrate
significant benefit (58).

Clearly, the currently available data, based on few preclinical
studies and limited clinical trials, which are often contradictory,
are not sufficient to make any major conclusions as to whether
one delivery method is superior to another. However, clinical
trials directly comparing cell delivery methods will likely not
happen until MSC therapy, via any delivery method, is proven
efficacious for a particular pathology.
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CONCLUSION

During the past decades, MSC therapeutics have undergone
a continuous transition from proof-of-concept to clinically
approved therapies. In order to improve our ability to utilize
MSCs therapies, great efforts are ongoing to refine potency
assessment, cell pharmacology and drug delivery. Compared to
advancements in cell sorting, manufacturing and biobanking,
the importance of cell delivery methods and the in vivo
effects of MSCs on the human immune and hematologic
systems are still largely underappreciated today. Thus, we
here discussed key aspects related to the effective and safe
delivery of MSCs, in the context of recent clinical studies with
focus on different methods of MSC administration. As the
growth of MSC-based therapeutics accelerates in private, public,
and fringe applications, it is vitally important to remember
historical safety concerns, recognize modern clinical risks, and
use methodology and delivery consistent with the intendedMoA,
in order to yield the most effective and safest economically
viable therapeutic approaches. We encourage our colleagues to

careful consider their assumptions and commonly used practices
to ensure that their long-held views about MSC biology are
supported by modern studies.

AUTHOR CONTRIBUTIONS

HC, SO, AK, MG, and PW wrote the manuscript. KP, JK-M, and
GMworked on illustrations. HC, SO, AK, SB, NT-F, FT, GM, and
CC edited the manuscript.

ACKNOWLEDGMENTS

This study was supported by the NIH 2T32 grant GM0879201-
11A1, the Clare A. Glassell family Pedriatic Surgery Research
Fund, the Grace Reynolds Wall Research Fund, and the Bentsen
Stroke Center. GM’s contributions were made possible by
German Research Foundation (DFG) and German Federal
Ministry of Education and Research (BMBF) funding through the
BSRT (GSC203) and BCRT.

REFERENCES

1. Friedenstein AJ. Precursor cells of mechanocytes. Int Rev Cytol. (1976)

47:327–59. doi: 10.1016/S0074-7696(08)60092-3

2. Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, Mosca JD,

et al. Multilineage potential of adult humanmesenchymal stem cells. Science.

(1999) 284:143–7. doi: 10.1126/science.284.5411.143

3. Terada N, Hamazaki T, OkaM, HokiM,Mastalerz DM, Nakano Y, et al. Bone

marrow cells adopt the phenotype of other cells by spontaneous cell fusion.

Nature. (2002) 416:542–5. doi: 10.1038/nature730

4. AlisonMR, PoulsomR, OttoWR, Vig P, BrittanM, Direkze NC, et al. Recipes

for adult stem cell plasticity: fusion cuisine or readymade? J Clin Pathol.

(2004) 57:113–20. doi: 10.1136/jcp.2003.010074

5. Gunn WG, Conley A, Deininger L, Olson SD, Prockop DJ, Gregory CA.

A crosstalk between myeloma cells and marrow stromal cells stimulates

production of DKK1 and interleukin-6: a potential role in the development

of lytic bone disease and tumor progression in multiple myeloma. Stem Cells.

(2006) 24:986–91. doi: 10.1634/stemcells.2005-0220

6. Spees JL, Olson SD, Whitney MJ, Prockop DJ. Mitochondrial transfer

between cells can rescue aerobic respiration. Proc Natl Acad Sci USA. (2006)

103:1283–8. doi: 10.1073/pnas.0510511103

7. Jacobs SA, Roobrouck VD, Verfaillie CM, Van Gool SW. Immunological

characteristics of human mesenchymal stem cells and multipotent adult

progenitor cells. Immunol Cell Biol. (2013) 91:32–9. doi: 10.1038/icb.2012.64

8. Griffin MD, Elliman SJ, Cahill E, English K, Ceredig R, Ritter T. Concise

review: Adult mesenchymal stromal cell therapy for inflammatory diseases:

How well are we joining the dots? Stem Cells. (2013) 31:2033–41.

doi: 10.1002/stem.1452

9. Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I, Marini F,

Krause D, et al. Minimal criteria for defining multipotent mesenchymal

stromal cells. Int Soc Cell Ther Position Statement Cytother. (2006) 8:315–7.

doi: 10.1080/14653240600855905

10. Krampera M, Galipeau J, Shi Y, Tarte K, Sensebe L, Therapy, MSCCOTISFC.

Immunological characterization of multipotent mesenchymal stromal cells–

The International Society for Cellular Therapy (ISCT) working proposal.

Cytotherapy. (2013) 15:1054–61. doi: 10.1016/j.jcyt.2013.02.010

11. Galipeau J, KramperaM. The challenge of definingmesenchymal stromal cell

potency assays and their potential use as release criteria. Cytotherapy. (2015)

17:125–7. doi: 10.1016/j.jcyt.2014.12.008

12. Galipeau J, Krampera M, Barrett J, Dazzi F, Deans RJ, Debruijn J,

et al. International Society for Cellular Therapy perspective on immune

functional assays for mesenchymal stromal cells as potency release

criterion for advanced phase clinical trials. Cytotherapy. (2016) 18:151–9.

doi: 10.1016/j.jcyt.2015.11.008

13. Aijaz A, Vaninov N, Allen A, Barcia RN, Parekkadan B. Convergence

of cell pharmacology and drug delivery. Stem Cells Transl Med. (2019)

doi: 10.1002/sctm.19-0019. [Epub ahead of print].

14. Moll G, Ankrum JA, Kamhieh-Milz J, Bieback K, Ringden O, Volk

HD, et al. Intravascular mesenchymal stromal/stem cell therapy product

diversification: time for new clinical guidelines. Trends Mol Med. (2019)

25:149–63. doi: 10.1016/j.molmed.2018.12.006

15. Prockop DJ, Olson SD. Clinical trials with adult stem/progenitor cells for

tissue repair: let’s not overlook some essential precautions. Blood. (2007)

109:3147–51. doi: 10.1182/blood-2006-03-013433

16. Liu S, Zhou J, Zhang X, Liu Y, Chen J, Hu B, et al. Strategies to optimize

adult stem cell therapy for tissue regeneration. Int J Mol Sci. (2016) 17:982.

doi: 10.3390/ijms17060982

17. Watanabe M, Yavagal DR. Intra-arterial delivery of mesenchymal stem cells.

Brain Circ. (2016) 2:114–7. doi: 10.4103/2394-8108.192522

18. Detante O, Rome C, Papassin J. How to use stem cells for repair in stroke

patients. Rev Neurol. (2017) 173:572–6. doi: 10.1016/j.neurol.2017.09.003

19. Galipeau J, Sensebe L. Mesenchymal stromal cells: clinical challenges

and therapeutic opportunities. Cell Stem Cell. (2018) 22:824–33.

doi: 10.1016/j.stem.2018.05.004

20. Nijboer CH, Kooijman E, Van Velthoven CT, Van Tilborg E, Tiebosch

IA, Eijkelkamp N, et al. Intranasal stem cell treatment as a novel

therapy for subarachnoid hemorrhage. Stem Cells Dev. (2018) 27:313–25.

doi: 10.1089/scd.2017.0148

21. Phinney DG, Pittenger MF. Concise Review: MSC-Derived Exosomes for

Cell-Free Therapy. Stem Cells. (2017) 35:851–8. doi: 10.1002/stem.2575

22. Abou-El-Enein M, Elsanhoury A, Reinke P. Overcoming challenges facing

advanced therapies in the EU market. Cell Stem Cell. (2016) 19:293–7.

doi: 10.1016/j.stem.2016.08.012

23. Chinnadurai R, Rajan D, Qayed M, Arafat D, Garcia M, Liu Y, et al.

Potency analysis of mesenchymal stromal cells using a combinatorial

assay matrix approach. Cell Rep. (2018) 22:2504–17. doi: 10.1016/j.celrep.

2018.02.013

24. George MJ, Prabhakara K, Toledano-Furman NE, Wang YW, Gill BS, Wade

CE, et al. Clinical cellular therapeutics accelerate clot formation. Stem Cells

Transl Med. (2018) 7:731–9. doi: 10.1002/sctm.18-0015

25. Li M, Khong D, Chin LY, Singleton A, Parekkadan B. Therapeutic

delivery specifications identified through compartmental analysis of a

Frontiers in Immunology | www.frontiersin.org 10 July 2019 | Volume 10 | Article 1645

https://doi.org/10.1016/S0074-7696(08)60092-3
https://doi.org/10.1126/science.284.5411.143
https://doi.org/10.1038/nature730
https://doi.org/10.1136/jcp.2003.010074
https://doi.org/10.1634/stemcells.2005-0220
https://doi.org/10.1073/pnas.0510511103
https://doi.org/10.1038/icb.2012.64
https://doi.org/10.1002/stem.1452
https://doi.org/10.1080/14653240600855905
https://doi.org/10.1016/j.jcyt.2013.02.010
https://doi.org/10.1016/j.jcyt.2014.12.008
https://doi.org/10.1016/j.jcyt.2015.11.008
https://doi.org/10.1002/sctm.19-0019
https://doi.org/10.1016/j.molmed.2018.12.006
https://doi.org/10.1182/blood-2006-03-013433
https://doi.org/10.3390/ijms17060982
https://doi.org/10.4103/2394-8108.192522
https://doi.org/10.1016/j.neurol.2017.09.003
https://doi.org/10.1016/j.stem.2018.05.004
https://doi.org/10.1089/scd.2017.0148
https://doi.org/10.1002/stem.2575
https://doi.org/10.1016/j.stem.2016.08.012
https://doi.org/10.1016/j.celrep.2018.02.013
https://doi.org/10.1002/sctm.18-0015
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Caplan et al. Translational Challenges in MSC Therapy

mesenchymal stromal cell-immune reaction. Sci Rep. (2018) 8:6816.

doi: 10.1038/s41598-018-24971-2

26. Yin JQ, Zhu J, Ankrum JA. Manufacturing of primed mesenchymal

stromal cells for therapy. Nat Biomed Eng. (2019) 3:90–104.

doi: 10.1038/s41551-018-0325-8

27. Hamidian Jahromi S, Davies JE. Concise review: skeletal muscle as a delivery

route formesenchymal stromal cells. StemCells TranslMed. (2019) 8:456–65.

doi: 10.1002/sctm.18-0208

28. Qazi TH, Mooney DJ, Duda GN, Geissler S. Biomaterials that promote

cell-cell interactions enhance the paracrine function of MSCs. Biomaterials.

(2017) 140:103–14. doi: 10.1016/j.biomaterials.2017.06.019

29. Qazi TH, Duda GN, Ort MJ, Perka C, Geissler S, Winkler T. Cell therapy

to improve regeneration of skeletal muscle injuries. J Cachexia Sarcopenia

Muscle. (2019) 10:501–16. doi: 10.1002/jcsm.12416

30. Alvarez-Dolado M, Pardal R, Garcia-Verdugo JM, Fike JR, Lee HO,

Pfeffer K, et al. Fusion of bone-marrow-derived cells with Purkinje

neurons, cardiomyocytes and hepatocytes. Nature. (2003) 425:968–73.

doi: 10.1038/nature02069

31. Spees JL, Olson SD, Ylostalo J, Lynch PJ, Smith J, Perry A, et al.

Differentiation, cell fusion, and nuclear fusion during ex vivo repair of

epithelium by human adult stem cells from bone marrow stroma. Proc Natl

Acad Sci USA. (2003) 100:2397–402. doi: 10.1073/pnas.0437997100

32. Kemp K, Gordon D, Wraith DC, Mallam E, Hartfield E, Uney J,

et al. Fusion between human mesenchymal stem cells and rodent

cerebellar Purkinje cells. Neuropathol Appl Neurobiol. (2011) 37:166–78.

doi: 10.1111/j.1365-2990.2010.01122.x

33. Freeman BT, Kouris NA, Ogle BM. Tracking fusion of human mesenchymal

stem cells after transplantation to the heart. Stem Cells Transl Med. (2015)

4:685–94. doi: 10.5966/sctm.2014-0198

34. Melzer C, Von Der Ohe J, Hass R. In vivo cell fusion between mesenchymal

stroma/stem-like cells and breast cancer cells. Cancers. (2019) 11:185.

doi: 10.3390/cancers11020185

35. Petrella F, Spaggiari L, Acocella F, Barberis M, Bellomi M, Brizzola S, et al.

Airway fistula closure after stem-cell infusion.NEngl JMed. (2015) 372:96–7.

doi: 10.1056/NEJMc1411374

36. La Francesca S, Aho JM, Barron MR, Blanco EW, Soliman S, Kalenjian

L, et al. Long-term regeneration and remodeling of the pig esophagus

after circumferential resection using a retrievable synthetic scaffold carrying

autologous cells. Sci Rep. (2018) 8:4123. doi: 10.1038/s41598-018-22401-x

37. Hanson SE, Bentz ML, Hematti P. Mesenchymal stem cell therapy for

nonhealing cutaneous wounds. Plast Reconstr Surg. (2010) 125:510–6.

doi: 10.1097/PRS.0b013e3181c722bb

38. Magne B, Lataillade JJ, Trouillas M. Mesenchymal stromal cell

preconditioning: the next step toward a customized treatment for severe

burn. Stem Cells Dev. (2018) 27:1385–405. doi: 10.1089/scd.2018.0094

39. Falanga V, Iwamoto S, Chartier M, Yufit T, Butmarc J, Kouttab N,

et al. Autologous bone marrow-derived cultured mesenchymal stem cells

delivered in a fibrin spray accelerate healing inmurine and human cutaneous

wounds. Tissue Eng. (2007) 13:1299–312. doi: 10.1089/ten.2006.0278

40. Braid LR, Wood CA, Wiese DM, Ford BN. Intramuscular administration

potentiates extended dwell time of mesenchymal stromal cells compared to

other routes. Cytotherapy. (2018) 20:232–44. doi: 10.1016/j.jcyt.2017.09.013

41. Han KH, Kim AK, Kim DI. Therapeutic potential of human mesenchymal

stem cells for treating ischemic limb diseases. Int J Stem Cells. (2016) 9:163–8.

doi: 10.15283/ijsc16053

42. Abdul Wahid SF, Ismail NA, Wan Jamaludin WF, Muhamad NA, Abdul

Hamid MKA, Harunarashid H, et al. Autologous cells derived from different

sources and administered using different regimens for ‘no-option’ critical

lower limb ischaemia patients. Cochr Database Syst Rev. (2018) 8:CD010747.

doi: 10.1002/14651858.CD010747.pub2

43. Soria-Juan B, Escacena N, Capilla-González V, Aguilera Y, Llanos L, Tejedo

JR, et al. Cost-effective, safe, and personalized cell therapy for critical

limb ischemia in type 2 diabetes mellitus. Front Immunol. 10:01151.

doi: 10.3389/fimmu.2019.01151

44. Lataillade JJ, Doucet C, Bey E, Carsin H, Huet C, Clairand I, et al.

New approach to radiation burn treatment by dosimetry-guided surgery

combined with autologous mesenchymal stem cell therapy. Regen Med.

(2007) 2:785–94. doi: 10.2217/17460751.2.5.785

45. Lange C, Brunswig-Spickenheier B, Cappallo-Obermann H, Eggert

K, Gehling UM, Rudolph C, et al. Radiation rescue: mesenchymal

stromal cells protect from lethal irradiation. PLoS One. (2011) 6:e14486.

doi: 10.1371/journal.pone.0014486

46. Pinzur L, Akyuez L, Levdansky L, Blumenfeld M, Volinsky E, Aberman Z,

et al. Rescue from lethal acute radiation syndrome (ARS) with severe weight

loss by secretome of intramuscularly injected human placental stromal

cells. J Cachexia Sarcopenia Muscle. (2018) 9:1079–92. doi: 10.1002/jcsm.

12342

47. Zhao LR, Duan WM, Reyes M, Keene CD, Verfaillie CM, Low WC.

Human bone marrow stem cells exhibit neural phenotypes and ameliorate

neurological deficits after grafting into the ischemic brain of rats. Exp Neurol.

(2002) 174:11–20. doi: 10.1006/exnr.2001.7853

48. Castro RF. Failure of bone marrow cells to transdifferentiate into neural cells

in vivo. Science. (2002) 297:1299. doi: 10.1126/science.297.5585.1299

49. Wagers AJ, Sherwood RI, Christensen JL, Weissman IL. Little evidence for

developmental plasticity of adult hematopoietic stem cells. Science. (2002)

297:2256–9. doi: 10.1126/science.1074807

50. Coyne TM, Marcus AJ, Woodbury D, Black IB. Marrow stromal cells

transplanted to the adult brain are rejected by an inflammatory response and

transfer donor labels to host neurons and glia. Stem Cells. (2006) 24:2483–92.

doi: 10.1634/stemcells.2006-0174

51. Li Y, Chopp M. Marrow stromal cell transplantation in stroke

and traumatic brain injury. Neurosci Lett. (2009) 456:120–3.

doi: 10.1016/j.neulet.2008.03.096

52. Tajiri N, Duncan K, Antoine A, Pabon M, Acosta SA, De La Pena I, et al.

Stem cell-paved biobridge facilitates neural repair in traumatic brain injury.

Front Syst Neurosci. (2014) 8:116. doi: 10.3389/fnsys.2014.00116

53. Steinberg GK, Kondziolka D, Wechsler LR, Lunsford LD, Coburn ML,

Billigen JB, et al. Clinical outcomes of transplanted modified bone marrow-

derived mesenchymal stem cells in Stroke: A Phase 1/2a Study. Stroke. (2016)

47:1817–24. doi: 10.1161/STROKEAHA.116.012995

54. Lee RT. Adult cardiac stem cell concept and the

process of science. Circulation. (2018) 138:2940–2.

doi: 10.1161/CIRCULATIONAHA.118.036407

55. Li Y, He L, Huang X, Bhaloo SI, Zhao H, Zhang S, et al. Genetic lineage

tracing of nonmyocyte population by dual recombinases. Circulation. (2018)

138:793–805. doi: 10.1161/CIRCULATIONAHA.118.034250

56. Karantalis V, Difede DL, Gerstenblith G, Pham S, Symes J, Zambrano JP, et al.

Autologous mesenchymal stem cells produce concordant improvements in

regional function, tissue perfusion, and fibrotic burden when administered

to patients undergoing coronary artery bypass grafting: The Prospective

Randomized Study of Mesenchymal Stem Cell Therapy in Patients

Undergoing Cardiac Surgery (PROMETHEUS) trial. Circ Res. (2014)

114:1302–10. doi: 10.1161/CIRCRESAHA.114.303180

57. Yau TM, Pagani FD, Mancini DM, Chang HL, Lala A, Woo YJ, et al.

Intramyocardial injection of mesenchymal precursor cells and successful

temporary weaning from left ventricular assist device support in patients

with advanced heart failure: a randomized clinical trial. JAMA. (2019)

321:1176–86. doi: 10.1001/jama.2019.2341

58. Kanelidis AJ, Premer C, Lopez J, Balkan W, Hare JM. Route of delivery

modulates the efficacy of mesenchymal stem cell therapy for myocardial

infarction: a meta-analysis of preclinical studies and clinical trials. Circ Res.

(2017) 120:1139–50. doi: 10.1161/CIRCRESAHA.116.309819

59. Kan C, Chen L, Hu Y, Lu H, Li Y, Kessler JA, et al. Microenvironmental

factors that regulate mesenchymal stem cells: lessons learned from the

study of heterotopic ossification. Histol Histopathol. (2017) 32:977–85.

doi: 10.14670/HH-11-890

60. Bauer G, Elsallab M, Abou-El-Enein M. Concise review: a comprehensive

analysis of reported adverse events in patients receiving unproven

stem cell-based interventions. Stem Cells Transl Med. (2018) 7:676–85.

doi: 10.1002/sctm.17-0282

61. Agarwal S, Loder S, Cholok D, Li J, Breuler C, Drake J, et al. Surgical

excision of heterotopic ossification leads to re-emergence of mesenchymal

stem cell populations responsible for recurrence. Stem Cells Transl Med.

(2017) 6:799–806. doi: 10.5966/sctm.2015-0365

62. Kan C, Chen L, Hu Y, Ding N, Li Y, Mcguire TL, et al. Gli1-

labeled adult mesenchymal stem/progenitor cells and hedgehog signaling

Frontiers in Immunology | www.frontiersin.org 11 July 2019 | Volume 10 | Article 1645

https://doi.org/10.1038/s41598-018-24971-2
https://doi.org/10.1038/s41551-018-0325-8
https://doi.org/10.1002/sctm.18-0208
https://doi.org/10.1016/j.biomaterials.2017.06.019
https://doi.org/10.1002/jcsm.12416
https://doi.org/10.1038/nature02069
https://doi.org/10.1073/pnas.0437997100
https://doi.org/10.1111/j.1365-2990.2010.01122.x
https://doi.org/10.5966/sctm.2014-0198
https://doi.org/10.3390/cancers11020185
https://doi.org/10.1056/NEJMc1411374
https://doi.org/10.1038/s41598-018-22401-x
https://doi.org/10.1097/PRS.0b013e3181c722bb
https://doi.org/10.1089/scd.2018.0094
https://doi.org/10.1089/ten.2006.0278
https://doi.org/10.1016/j.jcyt.2017.09.013
https://doi.org/10.15283/ijsc16053
https://doi.org/10.1002/14651858.CD010747.pub2
https://doi.org/10.3389/fimmu.2019.01151
https://doi.org/10.2217/17460751.2.5.785
https://doi.org/10.1371/journal.pone.0014486
https://doi.org/10.1002/jcsm.12342
https://doi.org/10.1006/exnr.2001.7853
https://doi.org/10.1126/science.297.5585.1299
https://doi.org/10.1126/science.1074807
https://doi.org/10.1634/stemcells.2006-0174
https://doi.org/10.1016/j.neulet.2008.03.096
https://doi.org/10.3389/fnsys.2014.00116
https://doi.org/10.1161/STROKEAHA.116.012995
https://doi.org/10.1161/CIRCULATIONAHA.118.036407
https://doi.org/10.1161/CIRCULATIONAHA.118.034250
https://doi.org/10.1161/CIRCRESAHA.114.303180
https://doi.org/10.1001/jama.2019.2341
https://doi.org/10.1161/CIRCRESAHA.116.309819
https://doi.org/10.14670/HH-11-890
https://doi.org/10.1002/sctm.17-0282
https://doi.org/10.5966/sctm.2015-0365
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Caplan et al. Translational Challenges in MSC Therapy

contribute to endochondral heterotopic ossification. Bone. (2018) 109:71–9.

doi: 10.1016/j.bone.2017.06.014

63. Mendonca MV, Larocca TF, De Freitas Souza BS, Villarreal CF, Silva LF,

Matos AC, et al. Safety and neurological assessments after autologous

transplantation of bone marrow mesenchymal stem cells in subjects

with chronic spinal cord injury. Stem Cell Res Ther. (2014) 5:126.

doi: 10.1186/scrt516

64. Walker PA, Letourneau PA, Bedi S, Shah SK, Jimenez F, Cox CS Jr.

Progenitor cells as remote “bioreactors”: neuroprotection via modulation

of the systemic inflammatory response. World J Stem Cells. (2011) 3:9–18.

doi: 10.4252/wjsc.v3.i2.9

65. Kean TJ, Lin P, Caplan AI, Dennis JE.MSCs: delivery routes and engraftment,

cell-targeting strategies, and immune modulation. Stem Cells Int. (2013)

2013:732742. doi: 10.1155/2013/732742

66. Leibacher J, Henschler R. Biodistribution, migration and homing of

systemically applied mesenchymal stem/stromal cells. Stem Cell Res Ther.

(2016) 7:7. doi: 10.1186/s13287-015-0271-2

67. Fischer UM, Harting MT, Jimenez F, Monzon-Posadas WO, Xue H, Savitz

SI, et al. Pulmonary passage is a major obstacle for intravenous stem cell

delivery: the pulmonary first-pass effect. Stem Cells Dev. (2009) 18:683–92.

doi: 10.1089/scd.2008.0253

68. Argibay B, Trekker J, Himmelreich U, Beiras A, Topete A, Taboada P, et al.

Intraarterial route increases the risk of cerebral lesions after mesenchymal

cell administration in animal model of ischemia. Sci Rep. (2017) 7:40758.

doi: 10.1038/srep40758

69. Janowski M, Lyczek A, Engels C, Xu J, Lukomska B, Bulte JW, et al.

Cell size and velocity of injection are major determinants of the safety of

intracarotid stem cell transplantation. J Cereb Blood Flow Metab. (2013)

33:921–7. doi: 10.1038/jcbfm.2013.32

70. Guzman R, Janowski M, Walczak P. Intra-arterial delivery

of cell therapies for stroke. Stroke. (2018) 49:1075–82.

doi: 10.1161/STROKEAHA.117.018288

71. Chen SL, Fang WW, Ye F, Liu YH, Qian J, Shan SJ, et al. Effect on left

ventricular function of intracoronary transplantation of autologous bone

marrow mesenchymal stem cell in patients with acute myocardial infarction.

Am J Cardiol. (2004) 94:92–5. doi: 10.1016/j.amjcard.2004.03.034

72. Katritsis DG, Sotiropoulou PA, Karvouni E, Karabinos I, Korovesis S,

Perez SA, et al. Transcoronary transplantation of autologous mesenchymal

stem cells and endothelial progenitors into infarcted human myocardium.

Catheter Cardiovasc Interv. (2005) 65:321–9. doi: 10.1002/ccd.20406

73. Leistner DM, Fischer-Rasokat U, Honold J, Seeger FH, Schachinger V,

Lehmann R, et al. Transplantation of progenitor cells and regeneration

enhancement in acute myocardial infarction (TOPCARE-AMI): final 5-

year results suggest long-term safety and efficacy. Clin Res Cardiol. (2011)

100:925–34. doi: 10.1007/s00392-011-0327-y

74. Lalu MM, Mazzarello S, Zlepnig J, Dong YYR, Montroy J, Mcintyre L,

et al. Safety and efficacy of adult stem cell therapy for acute myocardial

infarction and ischemic heart failure (safecell heart): a systematic review and

meta-analysis. Stem Cells Transl Med. (2018) 7:857–66. doi: 10.1002/sctm.

18-0120

75. Moniche F, Gonzalez A, Gonzalez-Marcos JR, Carmona M, Pinero

P, Espigado I, et al. Intra-arterial bone marrow mononuclear cells

in ischemic stroke: a pilot clinical trial. Stroke. (2012) 43:2242–4.

doi: 10.1161/STROKEAHA.112.659409

76. Suk KT, Yoon JH, Kim MY, Kim CW, Kim JK, Park H, et al.

Transplantation with autologous bone marrow-derived mesenchymal stem

cells for alcoholic cirrhosis: phase 2 trial. Hepatology. (2016) 64:2185–97.

doi: 10.1002/hep.28693

77. Saad A, Dietz AB, Herrmann SMS, Hickson LJ, Glockner JF, Mckusick

MA, et al. Autologous mesenchymal stem cells increase cortical

perfusion in renovascular disease. J Am Soc Nephrol. (2017) 28:2777–85.

doi: 10.1681/ASN.2017020151

78. Gao J, Dennis JE, Muzic RF, Lundberg M, Caplan AI. The dynamic in vivo

distribution of bone marrow-derived mesenchymal stem cells after infusion.

Cells Tissues Organs. (2001) 169:12–20. doi: 10.1159/000047856

79. Schrepfer S, Deuse T, Reichenspurner H, FischbeinMP, Robbins RC, Pelletier

MP. Stem cell transplantation: the lung barrier. Transplant Proc. (2007)

39:573–6. doi: 10.1016/j.transproceed.2006.12.019

80. Lee RH, Pulin AA, Seo MJ, Kota DJ, Ylostalo J, Larson BL, et al. Intravenous

hMSCs improve myocardial infarction in mice because cells embolized in

lung are activated to secrete the anti-inflammatory protein TSG-6. Cell Stem

Cell. (2009) 5:54–63. doi: 10.1016/j.stem.2009.05.003

81. Walker PA, Shah SK, Jimenez F, Gerber MH, Xue H, Cutrone R, et al.

Intravenous multipotent adult progenitor cell therapy for traumatic brain

injury: preserving the blood brain barrier via an interaction with splenocytes.

Exp Neurol. (2010) 225:341–52. doi: 10.1016/j.expneurol.2010.07.005

82. Locatelli F, Algeri M, Trevisan V, Bertaina A. Remestemcel-L for the

treatment of graft versus host disease. Expert Rev Clin Immunol. (2017)

13:43–56. doi: 10.1080/1744666X.2016.1208086

83. Mays RW, Savitz SI. Intravenous cellular therapies for acute ischemic stroke.

Stroke. (2018) 49:1058–65. doi: 10.1161/STROKEAHA.118.018287

84. Cox CS, Jr, Juranek J, Bedi S. Clinical trials in traumatic brain injury:

cellular therapy and outcome measures. Transfusion. (2019) 59:858–68.

doi: 10.1111/trf.14834

85. DeWitte SFH, Luk F, Sierra Parraga JM, GargeshaM,Merino A, Korevaar SS,

et al. Immunomodulation by therapeutic mesenchymal stromal cells (MSC)

is triggered through phagocytosis of MSC by monocytic cells. Stem Cells.

(2018) 36:602–15. doi: 10.1002/stem.2779

86. Moll G, Geissler S, Catar R, Ignatowicz L, Hoogduijn MJ, Strunk D, et al.

Cryopreserved or fresh mesenchymal stromal cells: only a matter of taste or

key to unleash the full clinical potential of MSC therapy? Adv Exp Med Biol.

(2016) 951:77–98. doi: 10.1007/978-3-319-45457-3_7

87. Danielyan L, Schäfer R, Von Ameln-Mayerhofer A, Bernhard F, Verleysdonk

S, Buadze M, et al. Therapeutic efficacy of intranasally delivered

mesenchymal stem cells in a rat model of Parkinson disease. Rejuvenation

Res. (2011) 14:3–16. doi: 10.1089/rej.2010.1130

88. Danielyan L, Beer-Hammer S, Stolzing A, Schafer R, Siegel G, Fabian C,

et al. Intranasal delivery of bone marrow-derived mesenchymal stem cells,

macrophages, and microglia to the brain in mouse models of Alzheimer’s

and Parkinson’s disease. Cell Transplant. (2014) 23(Suppl. 1):S123–39.

doi: 10.3727/096368914X684970

89. Oppliger B, Joerger-Messerli M, Mueller M, Reinhart U, Schneider P, Surbek

DV, et al. Intranasal delivery of umbilical cord-derived mesenchymal stem

cells preserves myelination in perinatal brain damage. Stem Cells Dev. (2016)

25:1234–42. doi: 10.1089/scd.2016.0027

90. Salama M, Sobh M, Emam M, Abdalla A, Sabry D, El-Gamal M, et al.

Effect of intranasal stem cell administration on the nigrostriatal system in

a mouse model of Parkinson’s disease. Exp Ther Med. (2017) 13:976–82.

doi: 10.3892/etm.2017.4073

91. Schafer S, Berger JV, Deumens R, Goursaud S, Hanisch UK, Hermans

E. Influence of intrathecal delivery of bone marrow-derived mesenchymal

stem cells on spinal inflammation and pain hypersensitivity in a rat

model of peripheral nerve injury. J Neuroinflammation. (2014) 11:157.

doi: 10.1186/s12974-014-0157-8

92. Liu L, Hua Z, Shen J, Yin Y, Yang J, Cheng K, et al. Comparative

efficacy of multiple variables of mesenchymal stem cell transplantation for

the treatment of neuropathic pain in rats. Mil Med. (2017) 182:175–84.

doi: 10.7205/MILMED-D-16-00096

93. Vaquero J, Zurita M, Rico MA, Bonilla C, Aguayo C, Fernandez C, et al.

Repeated subarachnoid administrations of autologous mesenchymal stromal

cells supported in autologous plasma improve quality of life in patients

suffering incomplete spinal cord injury. Cytotherapy. (2017) 19:349–59.

doi: 10.1016/j.jcyt.2016.12.002

94. Vaquero J, Zurita M, Rico MA, Aguayo C, Bonilla C, Marin E, et al.

Intrathecal administration of autologous mesenchymal stromal cells for

spinal cord injury: safety and efficacy of the 100/3 guideline. Cytotherapy.

(2018) 20:806–19. doi: 10.1016/j.jcyt.2018.03.032

95. Petrou P, Gothelf Y, Argov Z, Gotkine M, Levy YS, Kassis I, et al. Safety

and clinical effects of mesenchymal stem cells secreting neurotrophic

factor transplantation in patients with amyotrophic lateral sclerosis: results

of phase 1/2 and 2a clinical trials. JAMA Neurol. (2016) 73:337–44.

doi: 10.1001/jamaneurol.2015.4321

96. Sykova E, Rychmach P, Drahoradova I, Konradova S, Ruzickova K, Vorisek

I, et al. Transplantation of mesenchymal stromal cells in patients with

amyotrophic lateral sclerosis: results of phase I/IIa clinical trial. Cell

Transplant. (2017) 26:647–58. doi: 10.3727/096368916X693716

Frontiers in Immunology | www.frontiersin.org 12 July 2019 | Volume 10 | Article 1645

https://doi.org/10.1016/j.bone.2017.06.014
https://doi.org/10.1186/scrt516
https://doi.org/10.4252/wjsc.v3.i2.9
https://doi.org/10.1155/2013/732742
https://doi.org/10.1186/s13287-015-0271-2
https://doi.org/10.1089/scd.2008.0253
https://doi.org/10.1038/srep40758
https://doi.org/10.1038/jcbfm.2013.32
https://doi.org/10.1161/STROKEAHA.117.018288
https://doi.org/10.1016/j.amjcard.2004.03.034
https://doi.org/10.1002/ccd.20406
https://doi.org/10.1007/s00392-011-0327-y
https://doi.org/10.1002/sctm.18-0120
https://doi.org/10.1161/STROKEAHA.112.659409
https://doi.org/10.1002/hep.28693
https://doi.org/10.1681/ASN.2017020151
https://doi.org/10.1159/000047856
https://doi.org/10.1016/j.transproceed.2006.12.019
https://doi.org/10.1016/j.stem.2009.05.003
https://doi.org/10.1016/j.expneurol.2010.07.005
https://doi.org/10.1080/1744666X.2016.1208086
https://doi.org/10.1161/STROKEAHA.118.018287
https://doi.org/10.1111/trf.14834
https://doi.org/10.1002/stem.2779
https://doi.org/10.1007/978-3-319-45457-3_7
https://doi.org/10.1089/rej.2010.1130
https://doi.org/10.3727/096368914X684970
https://doi.org/10.1089/scd.2016.0027
https://doi.org/10.3892/etm.2017.4073
https://doi.org/10.1186/s12974-014-0157-8
https://doi.org/10.7205/MILMED-D-16-00096
https://doi.org/10.1016/j.jcyt.2016.12.002
https://doi.org/10.1016/j.jcyt.2018.03.032
https://doi.org/10.1001/jamaneurol.2015.4321
https://doi.org/10.3727/096368916X693716
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Caplan et al. Translational Challenges in MSC Therapy

97. Oh KW, Noh MY, Kwon MS, Kim HY, Oh SI, Park J, et al. Repeated

intrathecal mesenchymal stem cells for amyotrophic lateral sclerosis. Ann

Neurol. (2018) 84:361–73. doi: 10.1002/ana.25302

98. Hlebokazov F, Dakukina T, Ihnatsenko S, Kosmacheva S, Potapnev M,

Shakhbazau A, et al. Treatment of refractory epilepsy patients with

autologous mesenchymal stem cells reduces seizure frequency: An open label

study. Adv Med Sci. (2017) 62:273–9. doi: 10.1016/j.advms.2016.12.004

99. Milczarek O, Jarocha D, Starowicz-Filip A, Kwiatkowski S, Badyra B, Majka

M.Multiple autologous bonemarrow-derived CD271(+)mesenchymal stem

cell transplantation overcomes drug-resistant epilepsy in children. Stem Cells

Transl Med. (2018) 7:20–33. doi: 10.1002/sctm.17-0041

100. Junyi L, Na L, Yan J. Mesenchymal stem cells secrete brain-derived

neurotrophic factor and promote retinal ganglion cell survival after

traumatic optic neuropathy. J Craniofac Surg. (2015) 26:548–52.

doi: 10.1097/SCS.0000000000001348

101. Ezquer M, Urzua CA, Montecino S, Leal K, Conget P, Ezquer F. Intravitreal

administration of multipotent mesenchymal stromal cells triggers a

cytoprotective microenvironment in the retina of diabetic mice. Stem Cell

Res Ther. (2016) 7:42. doi: 10.1186/s13287-016-0299-y

102. Mathew B, Poston JN, Dreixler JC, Torres L, Lopez J, Zelkha R, et al.

Bone-marrow mesenchymal stem-cell administration significantly improves

outcome after retinal ischemia in rats. Graefes Arch Clin Exp Ophthalmol.

(2017) 255:1581–92. doi: 10.1007/s00417-017-3690-1

103. Park SS, Moisseiev E, Bauer G, Anderson JD, Grant MB, Zam A, et al.

Advances in bone marrow stem cell therapy for retinal dysfunction.

Prog Retin Eye Res. (2017) 56:148–65. doi: 10.1016/j.preteyeres.

2016.10.002

104. Wang JD, An Y, Zhang JS, Wan XH, Jonas JB, Xu L, et al. Human bone

marrowmesenchymal stem cells for retinal vascular injury.Acta Ophthalmol.

(2017) 95:e453–e461. doi: 10.1111/aos.13154

105. Satarian L, Nourinia R, Safi S, Kanavi MR, Jarughi N, Daftarian N, et al.

Intravitreal injection of bone marrow mesenchymal stem cells in patients

with advanced retinitis pigmentosa; a safety study. J Ophthalmic Vis Res.

(2017) 12:58–64. doi: 10.4103/2008-322X.200164

106. Sierra-Parraga JM, EijkenM,Hunter J, Moers C, LeuveninkH,Moller B, et al.

Mesenchymal stromal cells as anti-inflammatory and regenerative mediators

for donor kidneys during normothermic machine perfusion. Stem Cells Dev.

(2017) 26:1162–70. doi: 10.1089/scd.2017.0030

107. Gregorini M, Corradetti V, Pattonieri EF, Rocca C, Milanesi S, Peloso

A, et al. Perfusion of isolated rat kidney with Mesenchymal Stromal

Cells/Extracellular Vesicles prevents ischaemic injury. J Cell Mol Med. (2017)

21:3381–93. doi: 10.1111/jcmm.13249

108. Sierra Parraga JM, Rozenberg K, Eijken M, Leuvenink HG, Hunter

J, Merino A, et al. Effects of normothermic machine perfusion

conditions on mesenchymal stromal cells. Front Immunol. (2019) 10:765.

doi: 10.3389/fimmu.2019.00765

109. Reinders MEJ, Van Kooten C, Rabelink TJ, De Fijter JW. Mesenchymal

stromal cell therapy for solid organ transplantation. Transplantation. (2018)

102:35–43. doi: 10.1097/TP.0000000000001879

110. Lalu MM, Mcintyre L, Pugliese C, Fergusson D, Winston BW, Marshall

JC, et al. Safety of cell therapy with mesenchymal stromal cells (SafeCell):

a systematic review and meta-analysis of clinical trials. PLoS ONE. (2012)

7:e47559. doi: 10.1371/journal.pone.0047559

111. Moll G, Rasmusson-Duprez I, Von Bahr L, Connolly-Andersen AM,

Elgue G, Funke L, et al. Are therapeutic human mesenchymal stromal

cells compatible with human blood? Stem Cells. (2012) 30:1565–74.

doi: 10.1002/stem.1111

112. Moberg L, Johansson H, Lukinius A, Berne C, Foss A, Kallen R, et al.

Production of tissue factor by pancreatic islet cells as a trigger of

detrimental thrombotic reactions in clinical islet transplantation. Lancet.

(2002) 360:2039–45. doi: 10.1016/S0140-6736(02)12020-4

113. Gustafson EK, Elgue G, Hughes RD, Mitry RR, Sanchez J, Haglund U,

et al. The instant blood-mediated inflammatory reaction characterized

in hepatocyte transplantation. Transplantation. (2011) 91:632–8.

doi: 10.1097/TP.0b013e31820ae459

114. Drake TA, Morrissey JH, Edgington TS. Selective cellular expression of

tissue factor in human tissues. Implications for disorders of hemostasis and

thrombosis. Am J Pathol. (1989) 134:1087–97.

115. Moll G, Ignatowicz L, Catar R, Luecht C, Sadeghi B, HamadO, et al. Different

procoagulant activity of therapeutic mesenchymal stromal cells derived from

bone marrow and placental decidua. Stem Cells Dev. (2015) 24:2269–79.

doi: 10.1089/scd.2015.0120

116. Christy BA, Herzig MC, Montgomery RK, Delavan C, Bynum JA, Reddoch

KM, et al. Procoagulant activity of humanmesenchymal stem cells. J Trauma

Acute Care Surg. (2017) 83:S164–9. doi: 10.1097/TA.0000000000001485

117. Liao L, Shi B, Chang H, Su X, Zhang L, Bi C, et al. Heparin improves

BMSC cell therapy: anticoagulant treatment by heparin improves the safety

and therapeutic effect of bone marrow-derived mesenchymal stem cell

cytotherapy. Theranostics. (2017) 7:106–16. doi: 10.7150/thno.16911

118. Gleeson BM, Martin K, Ali MT, Kumar AH, Pillai MG, Kumar SP, et al. Bone

marrow-derived mesenchymal stem cells have innate procoagulant activity

and cause microvascular obstruction following intracoronary delivery:

amelioration by antithrombin therapy. Stem Cells. (2015) 33:2726–37.

doi: 10.1002/stem.2050

119. George MJ, Gill B, Prabhakara K, Toledano Furman NE, Olson SD, Cotton

BA, et al. Procoagulant in vitro effects of human mesenchymal stem cells

and mononuclear cells in a severely injured trauma population. J Am College

Surg. (2018) 227:S273. doi: 10.1016/j.jamcollsurg.2018.07.563

120. Melmed GY, Pandak WM, Casey K, Abraham B, Valentine J, Schwartz

D, et al. Human Placenta-derived Cells (PDA-001) for the treatment of

moderate-to-severe crohn’s disease: a phase 1b/2a study. Inflamm Bowel Dis.

(2015) 21:1809–16. doi: 10.1097/MIB.0000000000000441

121. Wu Z, Zhang S, Zhou L, Cai J, Tan J, Gao X, et al. Thromboembolism

induced by umbilical cord mesenchymal stem cell infusion: a report

of two cases and literature review. Transplant Proc. (2017) 49:1656–8.

doi: 10.1016/j.transproceed.2017.03.078

122. Acosta L, Hmadcha A, Escacena N, Perez-Camacho I, De La Cuesta A,

Ruiz-Salmeron R, et al. Adipose mesenchymal stromal cells isolated from

type 2 diabetic patients display reduced fibrinolytic activity. Diabetes. (2013)

62:4266–9. doi: 10.2337/db13-0896

123. Capilla-Gonzalez V, Lopez-Beas J, Escacena N, Aguilera Y, De La Cuesta A,

Ruiz-Salmeron R, et al. PDGF restores the defective phenotype of adipose-

derived mesenchymal stromal cells from diabetic patients. Mol Ther. (2018)

26:2696–709. doi: 10.1016/j.ymthe.2018.08.011

124. Jung JW, Kwon M, Choi JC, Shin JW, Park IW, Choi BW, et al.

Familial occurrence of pulmonary embolism after intravenous, adipose

tissue-derived stem cell therapy. Yonsei Med J. (2013) 54:1293–6.

doi: 10.3349/ymj.2013.54.5.1293

125. Cyranoski D. Korean deaths spark inquiry. Nature. (2010) 468:485.

doi: 10.1038/468485a

126. Li Y, Lin F. Mesenchymal stem cells are injured by complement

after their contact with serum. Blood. (2012) 120:3436–43.

doi: 10.1182/blood-2012-03-420612

127. Moll G, Jitschin R, Von Bahr L, Rasmusson-Duprez I, Sundberg B, Lonnies

L, et al. Mesenchymal stromal cells engage complement and complement

receptor bearing innate effector cells to modulate immune responses. PLoS

ONE. (2011) 6:e21703. doi: 10.1371/journal.pone.0021703

128. Tu Z, Li Q, Bu H, Lin F. Mesenchymal stem cells inhibit complement

activation by secreting factor H. Stem Cells Dev. (2010) 19:1803–9.

doi: 10.1089/scd.2009.0418

129. Soland MA, Bego M, Colletti E, Zanjani ED, St. Jeor S, Porada CD,

et al. Mesenchymal stem cells engineered to inhibit complement-mediated

damage. PLoS ONE. (2013) 8:e60461. doi: 10.1371/journal.pone.0060461

130. Moll G, Alm JJ, Davies LC, Von Bahr L, Heldring N, Stenbeck-Funke

L, et al. Do cryopreserved mesenchymal stromal cells display impaired

immunomodulatory and therapeutic properties? Stem Cells. (2014) 32:2430–

42. doi: 10.1002/stem.1729

131. Li Y, Fung J, Lin F. Local inhibition of complement improves mesenchymal

stem cell viability and function after administration. Mol Ther. (2016)

24:1665–74. doi: 10.1038/mt.2016.142

132. Li Y, Qiu W, Zhang L, Fung J, Lin F. Painting factor H onto

mesenchymal stem cells protects the cells from complement- and

neutrophil-mediated damage. Biomaterials. (2016) 102:209–19.

doi: 10.1016/j.biomaterials.2016.05.055

133. Soland MA, Bego MG, Colletti E, Porada CD, Zanjani ED, St. Jeor S, et al.

Modulation of human mesenchymal stem cell immunogenicity through

Frontiers in Immunology | www.frontiersin.org 13 July 2019 | Volume 10 | Article 1645

https://doi.org/10.1002/ana.25302
https://doi.org/10.1016/j.advms.2016.12.004
https://doi.org/10.1002/sctm.17-0041
https://doi.org/10.1097/SCS.0000000000001348
https://doi.org/10.1186/s13287-016-0299-y
https://doi.org/10.1007/s00417-017-3690-1
https://doi.org/10.1016/j.preteyeres.2016.10.002
https://doi.org/10.1111/aos.13154
https://doi.org/10.4103/2008-322X.200164
https://doi.org/10.1089/scd.2017.0030
https://doi.org/10.1111/jcmm.13249
https://doi.org/10.3389/fimmu.2019.00765
https://doi.org/10.1097/TP.0000000000001879
https://doi.org/10.1371/journal.pone.0047559
https://doi.org/10.1002/stem.1111
https://doi.org/10.1016/S0140-6736(02)12020-4
https://doi.org/10.1097/TP.0b013e31820ae459
https://doi.org/10.1089/scd.2015.0120
https://doi.org/10.1097/TA.0000000000001485
https://doi.org/10.7150/thno.16911
https://doi.org/10.1002/stem.2050
https://doi.org/10.1016/j.jamcollsurg.2018.07.563
https://doi.org/10.1097/MIB.0000000000000441
https://doi.org/10.1016/j.transproceed.2017.03.078
https://doi.org/10.2337/db13-0896
https://doi.org/10.1016/j.ymthe.2018.08.011
https://doi.org/10.3349/ymj.2013.54.5.1293
https://doi.org/10.1038/468485a
https://doi.org/10.1182/blood-2012-03-420612
https://doi.org/10.1371/journal.pone.0021703
https://doi.org/10.1089/scd.2009.0418
https://doi.org/10.1371/journal.pone.0060461
https://doi.org/10.1002/stem.1729
https://doi.org/10.1038/mt.2016.142
https://doi.org/10.1016/j.biomaterials.2016.05.055
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Caplan et al. Translational Challenges in MSC Therapy

forced expression of human cytomegalovirus us proteins. PLoS ONE. (2012)

7:e36163. doi: 10.1371/journal.pone.0036163

134. François M, Copland IB, Yuan S, Romieu-Mourez R, Waller EK,

Galipeau J. Cryopreserved mesenchymal stromal cells display impaired

immunosuppressive properties as a result of heat-shock response

and impaired interferon-γ licensing. Cytotherapy. (2012) 14:147–52.

doi: 10.3109/14653249.2011.623691

135. Chinnadurai R, Rajan D, Ng S, Mccullough K, Arafat D, Waller EK, et al.

Immune dysfunctionality of replicative senescent mesenchymal stromal

cells is corrected by IFNgamma priming. Blood Adv. (2017) 1:628–43.

doi: 10.1182/bloodadvances.2017006205

136. Moll G, Le Blanc K. Engineering more efficient multipotent mesenchymal

stromal (stem) cells for systemic delivery as cellular therapy. ISBT Science

Series. (2015) 10:357–65. doi: 10.1111/voxs.12133

137. Moll G, Hult A, Von Bahr L, Alm JJ, Heldring N, Hamad OA,

et al. Do ABO blood group antigens hamper the therapeutic

efficacy of mesenchymal stromal cells? PLoS ONE. (2014) 9:e85040.

doi: 10.1371/journal.pone.0085040

138. Kode JA, Mukherjee S, Joglekar MV, Hardikar AA. Mesenchymal stem cells:

immunobiology and role in immunomodulation and tissue regeneration.

Cytotherapy. (2009) 11:377–91. doi: 10.1080/14653240903080367

139. Singer NG, Caplan AI. Mesenchymal stem cells: mechanisms

of inflammation. Annu Rev Pathol. (2011) 6:457–78.

doi: 10.1146/annurev-pathol-011110-130230

140. Ankrum JA, Ong JF, Karp JM. Mesenchymal stem cells: immune evasive, not

immune privileged. Nat Biotechnol. (2014) 32:252–60. doi: 10.1038/nbt.2816

141. Stroncek DF, Butterfield LH, Cannarile MA, Dhodapkar MV, Greten TF,

Grivel JC, et al. Systematic evaluation of immune regulation andmodulation.

J Immunother Cancer. (2017) 5:21. doi: 10.1186/s40425-017-0223-8

142. Spees JL, Gregory CA, Singh H, Tucker HA, Peister A, Lynch PJ, et al.

Internalized antigens must be removed to prepare hypoimmunogenic

mesenchymal stem cells for cell and gene therapy.Mol Ther. (2004) 9:747–56.

doi: 10.1016/j.ymthe.2004.02.012

143. Sundin M, Ringden O, Sundberg B, Nava S, Gotherstrom C, Le Blanc

K. No alloantibodies against mesenchymal stromal cells, but presence

of anti-fetal calf serum antibodies, after transplantation in allogeneic

hematopoietic stem cell recipients. Haematologica. (2007) 92:1208–15.

doi: 10.3324/haematol.11446

144. Consentius C, Reinke P, Volk HD. Immunogenicity of allogeneic

mesenchymal stromal cells: what has been seen in vitro and in vivo? Regen

Med. (2015) 10:305–15. doi: 10.2217/rme.15.14

145. Berglund AK, Fortier LA, Antczak DF, Schnabel LV. Immunoprivileged no

more: measuring the immunogenicity of allogeneic adult mesenchymal stem

cells. Stem Cell Res Ther. (2017) 8:288. doi: 10.1186/s13287-017-0742-8

146. Lohan P, Treacy O, Griffin MD, Ritter T, Ryan AE. Anti-donor immune

responses elicited by allogeneic mesenchymal stem cells and their

extracellular vesicles: are we still learning? Front Immunol. (2017) 8:1626.

doi: 10.3389/fimmu.2017.01626

147. Elliott Donaghue I, Tam R, Sefton MV, Shoichet MS. Cell and biomolecule

delivery for tissue repair and regeneration in the central nervous system. J

Control Release. (2014) 190:219–27. doi: 10.1016/j.jconrel.2014.05.040

148. Qazi TH, Mooney DJ, Pumberger M, Geissler S, Duda GN. Biomaterials

based strategies for skeletal muscle tissue engineering: existing

technologies and future trends. Biomaterials. (2015) 53:502–21.

doi: 10.1016/j.biomaterials.2015.02.110

149. Ding DC, Chou HL, Chang YH, Hung WT, Liu HW, Chu TY.

Characterization of HLA-G and related immunosuppressive effects in

human umbilical cord stroma-derived stem cells. Cell Transplant. (2016)

25:217–28. doi: 10.3727/096368915X688182

150. Kobolak J, Dinnyes A, Memic A, Khademhosseini A, Mobasheri A.

Mesenchymal stem cells: Identification, phenotypic characterization,

biological properties and potential for regenerative medicine through

biomaterial micro-engineering of their niche. Methods. (2016) 99:62–8.

doi: 10.1016/j.ymeth.2015.09.016

151. Miki T, Triolo F. Perinatal Tissue-Derived Stem Cells: Alternative Sources of

Fetal Stem Cells. New York, NY: Springer Science+Business Media (2016).

152. Sensebe L. Clinical grade production of mesenchymal stem cells. Biomed

Mater Eng. (2008) 18:S3–10.

153. De Soure AM, Fernandes-Platzgummer A, Da Silva CL, Cabral

JM. Scalable microcarrier-based manufacturing of mesenchymal

stem/stromal cells. J Biotechnol. (2016) 236:88–109. doi: 10.1016/j.jbiotec.

2016.08.007

154. Pischiutta F, D’amico G, Dander E, Biondi A, Biagi E, Citerio

G, et al. Immunosuppression does not affect human bone

marrow mesenchymal stromal cell efficacy after transplantation

in traumatized mice brain. Neuropharmacology. (2014) 79:119–26.

doi: 10.1016/j.neuropharm.2013.11.001

155. Hajkova M, Hermankova B, Javorkova E, Bohacova P, Zajicova A,

Holan V, et al. Mesenchymal stem cells attenuate the adverse effects of

immunosuppressive drugs on distinct T cell subopulations. Stem Cell Rev.

(2017) 13:104–15. doi: 10.1007/s12015-016-9703-3

156. Galleu A, Riffo-Vasquez Y, Trento C, Lomas C, Dolcetti L, Cheung

TS, et al. Apoptosis in mesenchymal stromal cells induces in vivo

recipient-mediated immunomodulation. Sci Transl Med. (2017) 9:eaam7828.

doi: 10.1126/scitranslmed.aam7828

157. von Bahr L, Batsis I, Moll G, Hagg M, Szakos A, Sundberg B, et al. Analysis

of tissues following mesenchymal stromal cell therapy in humans indicates

limited long-term engraftment and no ectopic tissue formation. Stem Cells.

(2012) 30:1575–8. doi: 10.1002/stem.1118

158. Miura M, Miura Y, Padilla-Nash HM, Molinolo AA, Fu B, Patel V,

et al. Accumulated chromosomal instability in murine bone marrow

mesenchymal stem cells leads to malignant transformation. Stem Cells.

(2006) 24:1095–103. doi: 10.1634/stemcells.2005-0403

159. Li H, Fan X, Kovi RC, Jo Y, Moquin B, Konz R, et al. Spontaneous expression

of embryonic factors and p53 point mutations in aged mesenchymal stem

cells: a model of age-related tumorigenesis in mice. Cancer Res. (2007)

67:10889–98. doi: 10.1158/0008-5472.CAN-07-2665

160. Torsvik A, Rosland GV, Bjerkvig R. Comment to: “Spontaneous

transformation of adult mesenchymal stem cells from cynomolgus macaques

in vitro” by Z. Ren et al. Exp. Cell Res. (2011) 317:2950–7: spontaneous

transformation of mesenchymal stem cells in culture: facts or fiction? Exp

Cell Res. (2012) 318:441–3. doi: 10.1016/j.yexcr.2011.12.009

161. Rubio D, Garcia-Castro J, Martin MC, De La Fuente R, Cigudosa JC, Lloyd

AC, et al. Spontaneous human adult stem cell transformation. Cancer Res.

(2005) 65:3035–9. doi: 10.1158/0008-5472.CAN-04-4194

162. Rosland GV, Svendsen A, Torsvik A, Sobala E, Mccormack E, Immervoll H,

et al. Long-term cultures of bonemarrow-derived humanmesenchymal stem

cells frequently undergo spontaneous malignant transformation. Cancer Res.

(2009) 69:5331–9. doi: 10.1158/0008-5472.CAN-08-4630

163. Torsvik A, Rosland GV, Svendsen A, Molven A, Immervoll H, Mccormack

E, et al. Spontaneous malignant transformation of human mesenchymal

stem cells reflects cross-contamination: putting the research field on

track - letter. Cancer Res. (2010) 70:6393–6. doi: 10.1158/0008-5472.CAN-

10-1305

164. Ren Z, Wang J, Zhu W, Guan Y, Zou C, Chen Z, et al. Spontaneous

transformation of adult mesenchymal stem cells from cynomolgus

macaques in vitro. Exp Cell Res. (2011) 317:2950–7. doi: 10.1016/j.yexcr.

2011.09.008

165. Ren Z, Zhang YA, Chen Z. Spontaneous transformation of

cynomolgus mesenchymal stem cells in vitro: further confirmation

by short tandem repeat analysis. Exp Cell Res. (2012) 318:435–40.

doi: 10.1016/j.yexcr.2011.12.012

166. Pan Q, Fouraschen SM, De Ruiter PE, Dinjens WN, Kwekkeboom J, Tilanus

HW, et al. Detection of spontaneous tumorigenic transformation during

culture expansion of human mesenchymal stromal cells. Exp Biol Med.

(2014) 239:105–15. doi: 10.1177/1535370213506802

167. Bernardo ME, Zaffaroni N, Novara F, Cometa AM, Avanzini MA, Moretta

A, et al. Human bone marrow derived mesenchymal stem cells do not

undergo transformation after long-term in vitro culture and do not

exhibit telomere maintenance mechanisms. Cancer Res. (2007) 67:9142–9.

doi: 10.1158/0008-5472.CAN-06-4690

168. Conforti A, Starc N, Biagini S, Tomao L, Pitisci A, Algeri M, et al.

Resistance to neoplastic transformation of ex-vivo expanded human

mesenchymal stromal cells after exposure to supramaximal physical and

chemical stress. Oncotarget. (2016) 7:77416–29. doi: 10.18632/oncotarget.

12678

Frontiers in Immunology | www.frontiersin.org 14 July 2019 | Volume 10 | Article 1645

https://doi.org/10.1371/journal.pone.0036163
https://doi.org/10.3109/14653249.2011.623691
https://doi.org/10.1182/bloodadvances.2017006205
https://doi.org/10.1111/voxs.12133
https://doi.org/10.1371/journal.pone.0085040
https://doi.org/10.1080/14653240903080367
https://doi.org/10.1146/annurev-pathol-011110-130230
https://doi.org/10.1038/nbt.2816
https://doi.org/10.1186/s40425-017-0223-8
https://doi.org/10.1016/j.ymthe.2004.02.012
https://doi.org/10.3324/haematol.11446
https://doi.org/10.2217/rme.15.14
https://doi.org/10.1186/s13287-017-0742-8
https://doi.org/10.3389/fimmu.2017.01626
https://doi.org/10.1016/j.jconrel.2014.05.040
https://doi.org/10.1016/j.biomaterials.2015.02.110
https://doi.org/10.3727/096368915X688182
https://doi.org/10.1016/j.ymeth.2015.09.016
https://doi.org/10.1016/j.jbiotec.2016.08.007
https://doi.org/10.1016/j.neuropharm.2013.11.001
https://doi.org/10.1007/s12015-016-9703-3
https://doi.org/10.1126/scitranslmed.aam7828
https://doi.org/10.1002/stem.1118
https://doi.org/10.1634/stemcells.2005-0403
https://doi.org/10.1158/0008-5472.CAN-07-2665
https://doi.org/10.1016/j.yexcr.2011.12.009
https://doi.org/10.1158/0008-5472.CAN-04-4194
https://doi.org/10.1158/0008-5472.CAN-08-4630
https://doi.org/10.1158/0008-5472.CAN-10-1305
https://doi.org/10.1016/j.yexcr.2011.09.008
https://doi.org/10.1016/j.yexcr.2011.12.012
https://doi.org/10.1177/1535370213506802
https://doi.org/10.1158/0008-5472.CAN-06-4690
https://doi.org/10.18632/oncotarget.12678
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Caplan et al. Translational Challenges in MSC Therapy

169. Stultz BG, Mcginnis K, Thompson EE, Lo Surdo JL, Bauer SR, Hursh DA.

Chromosomal stability of mesenchymal stromal cells during in vitro culture.

Cytotherapy. (2016) 18:336–43. doi: 10.1016/j.jcyt.2015.11.017

170. Ben-David U, Mayshar Y, Benvenisty N. Large-scale analysis reveals

acquisition of lineage-specific chromosomal aberrations in human adult

stem cells. Cell Stem Cell. (2011) 9:97–102. doi: 10.1016/j.stem.2011.06.013

171. Sensebe L, Tarte K, Galipeau J, Krampera M, Martin I, Phinney DG,

et al. Limited acquisition of chromosomal aberrations in human adult

mesenchymal stromal cells. Cell Stem Cell. (2012) 10:9–10; author reply

10–11. doi: 10.1016/j.stem.2011.12.005

172. Luetzkendorf J, Nerger K, Hering J, Moegel A, Hoffmann K, Hoefers

C, et al. Cryopreservation does not alter main characteristics of Good

Manufacturing Process-grade human multipotent mesenchymal stromal

cells including immunomodulating potential and lack of malignant

transformation. Cytotherapy. (2015) 17:186–98. doi: 10.1016/j.jcyt.2014.

10.018

173. Guess AJ, Daneault B, Wang R, Bradbury H, La Perle KMD, Fitch J,

et al. Safety profile of good manufacturing practice manufactured interferon

gamma-primedmesenchymal stem/stromal cells for clinical trials. Stem Cells

Transl Med. (2017) 6:1868–79. doi: 10.1002/sctm.16-0485

174. Wuchter P, Bieback K, Schrezenmeier H, Bornhauser M, Muller LP,

Bonig H, et al. Standardization of Good Manufacturing Practice-

compliant production of bone marrow-derived human mesenchymal

stromal cells for immunotherapeutic applications. Cytotherapy. (2015)

17:128–39. doi: 10.1016/j.jcyt.2014.04.002

175. Barkholt L, Flory E, Jekerle V, Lucas-Samuel S, Ahnert P, Bisset L,

et al. Risk of tumorigenicity in mesenchymal stromal cell-based therapies–

bridging scientific observations and regulatory viewpoints. Cytotherapy.

(2013) 15:753–9. doi: 10.1016/j.jcyt.2013.03.005

176. Van Der Spoel TI, Vrijsen KR, Koudstaal S, Sluijter JP, Nijsen JF,

De Jong HW, et al. Transendocardial cell injection is not superior to

intracoronary infusion in a porcine model ofischaemic cardiomyopathy:

a study on delivery efficiency. J Cell Mol Med. (2012) 16:2768–76.

doi: 10.1111/j.1582-4934.2012.01594.x

177. Byun JS, Kwak BK, Kim JK, Jung J, Ha BC, Park S. Engraftment of human

mesenchymal stem cells in a rat photothrombotic cerebral infarction

model: comparison of intra-arterial and intravenous infusion using MRI

and histological analysis. J Korean Neurosurg Soc. (2013) 54:467–76.

doi: 10.3340/jkns.2013.54.6.467

178. Vu Q, Xie K, Eckert M, Zhao W, Cramer SC. Meta-analysis of preclinical

studies of mesenchymal stromal cells for ischemic stroke. Neurology. (2014)

82:1277–86. doi: 10.1212/WNL.0000000000000278

179. Jeong H, Yim HW, Cho YS, Kim YI, Jeong SN, Kim HB, et al. Efficacy

and safety of stem cell therapies for patients with stroke: a systematic

review and single arm meta-analysis. Int J Stem Cells. (2014) 7:63–9.

doi: 10.15283/ijsc.2014.7.2.63

Conflict of Interest Statement: SO has received research support from Athersys,

CBR Systems, Hope Bio and Biostage. CC has received research support from

Athersys, Cellvation, CBR Systems, Hope Bio, and Biostage, and is on the Scientific

Advisory Board of Cellvation, Biostage, and CBR.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Copyright © 2019 Caplan, Olson, Kumar, George, Prabhakara, Wenzel, Bedi,

Toledano-Furman, Triolo, Kamhieh-Milz, Moll and Cox. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Immunology | www.frontiersin.org 15 July 2019 | Volume 10 | Article 1645

https://doi.org/10.1016/j.jcyt.2015.11.017
https://doi.org/10.1016/j.stem.2011.06.013
https://doi.org/10.1016/j.stem.2011.12.005
https://doi.org/10.1016/j.jcyt.2014.10.018
https://doi.org/10.1002/sctm.16-0485
https://doi.org/10.1016/j.jcyt.2014.04.002
https://doi.org/10.1016/j.jcyt.2013.03.005
https://doi.org/10.1111/j.1582-4934.2012.01594.x
https://doi.org/10.3340/jkns.2013.54.6.467
https://doi.org/10.1212/WNL.0000000000000278
https://doi.org/10.15283/ijsc.2014.7.2.63
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

	㄰㘠〠潢樊㰼 呩瑬攨﻿㄰㜠〠潢樊㰼 呩瑬攨﻿㄰㠠〠潢樊㰼 呩瑬攨﻿㄰㤠〠潢樊㰼 呩瑬攨﻿ㄱ〠〠潢樊㰼 呩瑬攨﻿ㄱㄠ〠潢樊㰼 呩瑬攨﻿ㄱ㈠〠潢樊㰼 呩瑬攨﻿ㄱ㌠〠潢樊㰼 呩瑬攨﻿ㄱ㐠〠潢樊㰼 呩瑬攨﻿ㄱ㔠〠潢樊㰼 呩瑬攨﻿ㄱ㘠〠潢樊㰼 呩瑬攨﻿ㄱ㜠〠潢樊㰼 呩瑬攨﻿ㄱ㠠〠潢樊㰼 呩瑬攨﻿ㄱ㤠〠潢樊㰼 呩瑬攨﻿ㄲ〠〠潢樊㰼 呩瑬攨﻿ㄲㄠ〠潢樊㰼⽆楬瑥爯䙬慴敄散潤攊⽆畮捴楯湔祰攠《⽄潭慩湛《ㅝਯ剡湧敛《ㄊ《ㄊ《ㄊ《ㅝਯ䉩瑳健牓慭灬攠㠊⽅湣潤敛《㘳崊⽄散潤敛《ㄊ《ㄊ《ㄊ《ㅝਯ卩穥嬶㑝⽌敮杴栠㈱〾㹳瑲敡洊碜සݮ舀@톯胈逭ࢊᤊꢀ땭㫒闞ｂỀ怰惸弘ฑԁ䤔ᦉኲ␱ẍ偤ᥕả贕瑅斢ꨘ骆ꧩ�拠ᨦ鹩ㆵⱼ쬦뀝䋇╲㷦�엔⟶Ζﺌ␈姏∶懄㚚뎛⽈ᜱ蝸䤖꿈霉앪䶙永궷咛᷵㚥�ޮ楆믏㥽噰쭋采펱哳刵뱖柞閏珋󌷞Ỹﰁ㣵ᘕ੥湤獴牥慭੥湤潢樊ㄲ㈠〠潢樊㰼⽆畮捴楯湳嬱㈱‰⁒崊⽆畮捴楯湔祰攠㌊⽄潭慩湛《ㅝਯ䉯畮摳孝ਯ䕮捯摥嬰਱崾㹥湤潢樊ㄲ㌠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬴㌮㐹〷‷ㄹ⸰㈳‱㘱⸴㠴‷㔵⸰〸崊⽁㰼⽓⽕剉ਯ啒䤨桴瑰猺⼯睷眮晲潮瑩敲獩渮潲术橯畲湡汳⽩浭畮潬潧礩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㈴‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㔲㈮㌳㘠㜳㘮㌸㐠㔵ㄮ㐲㜠㜴㐮㜳崊⽁㰼⽓⽕剉ਯ啒䤨桴瑰猺⼯睷眮晲潮瑩敲獩渮潲术橯畲湡汳⽩浭畮潬潧礣敤楴潲楡氭扯慲搩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㈵‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㐷㜮㘲㐠㜲㠮㌳㠠㔲〮㌰㔠㜳㘮㘶㙝ਯ䄼㰯匯啒䤊⽕剉⡨瑴灳㨯⽷睷⹦牯湴楥牳楮⹯牧⽪潵牮慬猯業浵湯汯杹⍥摩瑯物慬ⵢ潡牤⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄲ㘠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬵㈰⸲㐸‷㈸⸴㐶‵㌳⸹㠵‷㌶⸶㘶崊⽁㰼⽓⽕剉ਯ啒䤨桴瑰猺⼯睷眮晲潮瑩敲獩渮潲术橯畲湡汳⽩浭畮潬潧礣敤楴潲楡氭扯慲搩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㈷‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㔳㌮㤳㜠㜲㠮㌳㠠㔵ㄮ㐴㔠㜳㘮㘶㙝ਯ䄼㰯匯啒䤊⽕剉⡨瑴灳㨯⽷睷⹦牯湴楥牳楮⹯牧⽪潵牮慬猯業浵湯汯杹⍥摩瑯物慬ⵢ潡牤⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄲ㠠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬴㔱⸶㐱‷㈰⸳㘴‵㔱⸴㐵‷㈸⸹〸崊⽁㰼⽓⽕剉ਯ啒䤨桴瑰猺⼯摯椮潲术㄰⸳㌸㤯晩浭甮㈰ㄹ⸰ㄶ㐵⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄲ㤠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬵㈱⸵㐴‶㜸⸱㜲‵㔱⸵㌵‷〹⸱㘲崊⽁㰼⽓⽕剉ਯ啒䤨桴瑰㨯⽣牯獳浡牫⹣牯獳牥昮潲术摩慬潧⼿摯椽㄰⸳㌸㤯晩浭甮㈰ㄹ⸰ㄶ㐵♤潭慩渽灤昦摡瑥彳瑡浰㴲〱㤭〷ⴳㄩ㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㌰‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㐳⸸㌲㜠㌰⸰〰㠠ㄱ㜮㔰ㄠ㌸⸳㈹㍝ਯ䄼㰯匯啒䤊⽕剉⡨瑴灳㨯⽷睷⹦牯湴楥牳楮⹯牧⽪潵牮慬猯業浵湯汯杹⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄳㄠ〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬱㈰⸹㐵″〮〰〸‱㠰⸹㈴″㠮㌲㤳崊⽁㰼⽓⽕剉ਯ啒䤨桴瑰猺⼯睷眮晲潮瑩敲獩渮潲朩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㌲‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㐴ㄮ㘸㜠㈹⸹㔵㜠㔵ㄮ㐴㔠㌸⸹㜷㍝ਯ䄼㰯匯啒䤊⽕剉⡨瑴灳㨯⽷睷⹦牯湴楥牳楮⹯牧⽪潵牮慬猯業浵湯汯杹⍡牴楣汥猩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㌳‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㠷⸱㜶㜠㐹ㄮ㔵㜠ㄶ〮㤰㠠㔰ㄮ㈹㡝ਯ䄼㰯匯啒䤊⽕剉⡨瑴灳㨯⽣牥慴楶散潭浯湳⹯牧⽬楣敮獥猯批⼴⸰⼩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㌴‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㜷⸲㔸㜠㌱㔮〹㐠ㄶ〮㠷㈠㌲㈮㌲㑝ਯ䄼㰯匯啒䤊⽕剉⡭慩汴漺獣潴琮䐮潬獯湀畴栮瑭挮敤甩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㌵‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㜷⸶㌶㜠㈹㔮ㄶ㠠ㄶ〮㠷㈠㌰㈮㌹㡝ਯ䄼㰯匯啒䤊⽕剉⡭慩汴漺捨慲汥献献捯础畴栮瑭挮敤甩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㌶‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㜴⸱㔳㜠㘶⸸㈸㠠ㄶ〮㤰㠠㜴⸰㔰㍝ਯ䄼㰯匯啒䤊⽕剉⡨瑴灳㨯⽤潩⹯牧⼱〮㌳㠹⽦業浵⸲〱㤮〱㘴㔩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㌷‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛ㄷ㘮㠴㐠㔷〮ㄸㄠ㔵ㄮ㐳㘠㘳㜮〷㉝ਯ䄼㰯匯啒䤊⽕剉⡨瑴灳㨯⽷睷⹦牯湴楥牳楮⹯牧⽡牴楣汥猯㄰⸳㌸㤯晩浭甮㈰ㄹ⸰ㄶ㐵⽦畬氩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㌸‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛ㄷ㘮㠴㐠㔴㔮㐴㤠㈳㔮ㄳㄠ㔵㔮㠳㡝ਯ䄼㰯匯啒䤊⽕剉⡨瑴瀺⼯汯潰⹦牯湴楥牳楮⹯牧⽰敯灬支㘸㐲〴⽯癥牶楥眩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㌹‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㈴㔮㔹㔠㔴㜮ㄲ㌠㌰㜮㔳㘠㔵㔮㠳㡝ਯ䄼㰯匯啒䤊⽕剉⡨瑴瀺⼯汯潰⹦牯湴楥牳楮⹯牧⽰敯灬支㘸㌷㌴⽯癥牶楥眩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㐰‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㌲〮㤹㜠㔴㜮ㄲ㌠㌸㌮㘰㐠㔵㔮㘴崊⽁㰼⽓⽕剉ਯ啒䤨桴瑰㨯⽬潯瀮晲潮瑩敲獩渮潲术灥潰汥⼶㠳㜹ㄯ潶敲癩敷⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄴㄠ〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬳㤱⸱㘱‵㐵⸴㐹‴㔸⸹㐳‵㔵⸸㌸崊⽁㰼⽓⽕剉ਯ啒䤨桴瑰㨯⽬潯瀮晲潮瑩敲獩渮潲术灥潰汥⼷ㄳ㘰㠯潶敲癩敷⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄴ㈠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬴ㄸ⸲㘹‵㌶⸱㜠㔳㘮〶㐠㔴㐮㘷㡝ਯ䄼㰯匯啒䤊⽕剉⡨瑴瀺⼯汯潰⹦牯湴楥牳楮⹯牧⽰敯灬支㜷〳㌳⽯癥牶楥眩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㐳‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛ㄷ㘮㠴㐠㔲㔮㈰㠠㈲㜮㌵㔠㔳㌮㜱㙝ਯ䄼㰯匯啒䤊⽕剉⡨瑴瀺⼯汯潰⹦牯湴楥牳楮⹯牧⽰敯灬支㘹㘵㠶⽯癥牶楥眩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㐴‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㈳㐮㤱㈠㔲㔮㈰㠠㌲〮㐵ㄠ㔳㌮㜱㙝ਯ䄼㰯匯啒䤊⽕剉⡨瑴瀺⼯汯潰⹦牯湴楥牳楮⹯牧⽰敯灬支㘴㐷〳⽯癥牶楥眩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㐵‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㌲㠮〰㠠㔲㔮㈰㠠㌷㔮〱㠠㔳㌮㤲㍝ਯ䄼㰯匯啒䤊⽕剉⡨瑴瀺⼯汯潰⹦牯湴楥牳楮⹯牧⽰敯灬支㘲㐰㈯潶敲癩敷⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄴ㘠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬳㤸⸱㠱‵㈵⸲〸‴㜳⸵㠶‵㌳⸹㈳崊⽁㰼⽓⽕剉ਯ啒䤨桴瑰㨯⽬潯瀮晲潮瑩敲獩渮潲术灥潰汥⼱㔸㈷㌯潶敲癩敷⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄴ㜠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬲㐳⸸㐹‱㔸⸴㠵′㔰⸳㠶‱㘹⸹㐲崊⽄敳琠嬶‰⁒ 塙娠㔱⸹㈷〠㐳㜮㠸ㄱ⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㐸‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㔲〮㈳‱㐷⸰㈸‵㈶⸷㘷‱㔸⸴㠵崊⽄敳琠嬶‰⁒ 塙娠㔱⸹㈷〠㐱㠮㠸㌱⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㐹‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㐴㌮㐴㈠ㄳ㔮㔷ㄠ㐴㤮㤷㤠ㄴ㜮〲㡝ਯ䑥獴⁛㘠〠删⽘奚‵ㄮ㤲㜰″㤰⸳㠱㜠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄵ〠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬴㔲⸹ㄠㄳ㔮㔷ㄠ㐵㤮㐴㜠ㄴ㜮〲㡝ਯ䑥獴⁛㘠〠删⽘奚‵ㄮ㤲㜰′㠵⸸㜹㈠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄵㄠ〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬵〸⸷㘴‱ㄲ⸶㐸‵ㄵ⸳〱‱㈴⸱〵崊⽄敳琠嬶‰⁒ 塙娠㔱⸹㈷〠㈵㜮㌷㜸⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㔲‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㈳〮㜵㐠㜸⸲㜶㠠㈳㜮㈹ㄠ㠹⸷㌳㡝ਯ䑥獴⁛㘠〠删⽘奚‵ㄮ㤲㜰′㈸⸸㜶㌠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄵ㌠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬴㈸⸵㌸‶㘮㠱㤸‴㌵⸰㜵‷㠮㈷㘸崊⽄敳琠嬶‰⁒ 塙娠㔱⸹㈷〠ㄹ〮㠸〳⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㔴‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㜷⸹㘹㜠㘹㜮㌴㈠㠹⸰㔲㌠㜰㠮㜹㥝ਯ䑥獴⁛㘠〠删⽘奚‴㠮㌳ㄶ‱㔲⸸㜵㐠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄵ㔠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬹ㄮ㤷㌷‶㤷⸳㐲‱〳⸰㔶‷〸⸷㤹崊⽄敳琠嬶‰⁒ 塙娠㐸⸳㌱㘠㠶⸳㜷㤠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄵ㘠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬱㔰⸶ㄸ‶㠵⸸㠵‱㘱⸷‶㤷⸳㐲崊⽄敳琠嬶‰⁒ 塙娠㌰㤮㔸㜶‴㈸⸳㜷㘠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄵ㜠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬱㠳⸸ㄹ‶〵⸶㠶‱㤴⸹〱‶ㄷ⸱㐳崊⽄敳琠嬶‰⁒ 塙娠㌰㤮㔸㜶″㤹⸸㜶㈠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄵ㠠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬲㘰⸶㐳‵〵⸶ㄵ′㜱⸷㈵‵ㄷ⸰㜲崊⽄敳琠嬶‰⁒ 塙娠㌰㤮㔸㜶″㤹⸸㜶㈠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄵ㤠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬲㜴⸶㔶‵〵⸶ㄵ′㠵⸷㌸‵ㄷ⸰㜲崊⽄敳琠嬶‰⁒ 塙娠㌰㤮㔸㜶′㠵⸸㜹㈠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄶ〠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛ㄠ〠そਯ䠯䤊⽒散琠嬷㤮㘷〷‴㔷⸵㔵‱ㄴ⸲㘱‴㘷⸸㜲崊⽄敳琠嬱㌠〠删⽘奚‵〮ㄸ㌵‴㜶⸰㄰㘠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄶㄠ〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬲㘱⸱㐷‴ㄳ⸹㔹′㜲⸲㈹‴㈵⸴ㄶ崊⽄敳琠嬶‰⁒ 塙娠㌰㤮㔸㜶′㘶⸸㠱㌠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄶ㈠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬲㜴⸶㐷‴ㄳ⸹㔹′㠵⸷㈹‴㈵⸴ㄶ崊⽄敳琠嬶‰⁒ 塙娠㌰㤮㔸㜶′㌸⸳㜹㠠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄶ㌠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬱〴⸸㘲″㘸⸱㌱‱ㄵ⸹㐴″㜹⸵㠸崊⽄敳琠嬶‰⁒ 塙娠㌰㤮㔸㜶′〰⸳㠳㠠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄶ㐠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬱㠵⸰㌴″㐵⸲ㄷ‱㤶⸱ㄶ″㔶⸶㜴崊⽄敳琠嬶‰⁒ 塙娠㌰㤮㔸㜶‱㠱⸳㜶㠠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄶ㔠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬸㘮㤰㘷′㠷⸹㌲‹㜮㤸㤳′㤹⸳㠹崊⽄敳琠嬶‰⁒ 塙娠㌰㤮㔸㜶‱㔲⸸㜵㐠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄶ㘠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬱〰⸹㈠㈸㜮㤳㈠ㄱ㈮〰㈠㈹㤮㌸㥝ਯ䑥獴⁛㘠〠删⽘奚″〹⸵㠷㘠㠶⸳㜷㤠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄶ㜠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬷㠮㠳㌷′㐲⸱〴‸㤮㤱㘳′㔳⸵㘱崊⽄敳琠嬱㐠〠删⽘奚‴㠮㌳ㄶ‶㤸⸳㌳ㄠ湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄶ㠠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬲㌴⸰ㄲ‹〮ㄲ〸′㐵⸰㤴‱〱⸵㜸崊⽄敳琠嬶‰⁒ 塙娠㌰㤮㔸㜶″㤹⸸㜶㈠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄶ㤠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬲㐸⸷㔴‹〮ㄲ〸′㔹⸸㌶‱〱⸵㜸崊⽄敳琠嬱㐠〠删⽘奚‴㠮㌳ㄶ‶㘹⸸㌱㜠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄷ〠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬴㠷⸶㤵‶㠵⸸㠵‴㤸⸷㜷‶㤷⸳㐲崊⽄敳琠嬱㐠〠删⽘奚‴㠮㌳ㄶ‶㐱⸳㌰㈠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄷㄠ〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬵〱⸰㠷‶㠵⸸㠵‵ㄲ⸱㘹‶㤷⸳㐲崊⽄敳琠嬱㐠〠删⽘奚‴㠮㌳ㄶ‶ㄲ⸸㌷㠠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄷ㈠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬵㄰⸱ㄴ‶㔱⸵ㄴ‵ㄶ⸶㔱‶㘲⸹㜱崊⽄敳琠嬶‰⁒ 塙娠㔱⸹㈷〠㈸㔮㠷㤲⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㜳‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㔲〮㤲㌠㘵ㄮ㔱㐠㔳㈮〰㔠㘶㈮㤷ㅝਯ䑥獴⁛ㄴ‰⁒ 塙娠㐸⸳㌱㘠㔸㐮㌳㘳⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㜴‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㔳㐮㤲㜠㘵ㄮ㔱㐠㔴㘮〰㤠㘶㈮㤷ㅝਯ䑥獴⁛ㄴ‰⁒ 塙娠㐸⸳㌱㘠㐴ㄮ㠳㜹⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㜵‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㐴㘮㌹㐠㘱㜮ㄴ㌠㐵㜮㐷㘠㘲㠮㙝ਯ䑥獴⁛ㄴ‰⁒ 塙娠㐸⸳㌱㘠㐱㌮㌳㘴⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㜶‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㐵㤮㜸㘠㘱㜮ㄴ㌠㐷〮㠶㠠㘲㠮㙝ਯ䑥獴⁛ㄴ‰⁒ 塙娠㐸⸳㌱㘠㌸㐮㠳㐹⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㜷‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㌴〮㘰㠠㔴㠮㐰ㄠ㌵ㄮ㘹‵㔹⸸㔸崊⽄敳琠嬱㐠〠删⽘奚‴㠮㌳ㄶ″㐶⸸㌰〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄷ㠠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬳㔵⸱ㄶ‵㐸⸴〱″㘶⸱㤸‵㔹⸸㔸崊⽄敳琠嬱㐠〠删⽘奚‴㠮㌳ㄶ″ㄸ⸳㌷㔠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄷ㤠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬴㠱⸱㘱‵ㄴ⸰㌠㐹㈮㈴㌠㔲㔮㐸㝝ਯ䑥獴⁛ㄴ‰⁒ 塙娠㐸⸳㌱㘠㈸㤮㠳㘰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㠰‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㌵㐮㌶‴㔶⸷㐵″㘵⸴㐲‴㘸⸲〲崊⽄敳琠嬱㐠〠删⽘奚‴㠮㌳ㄶ′㔱⸸㌱ㄠ湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄸㄠ〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬳㜴⸷㌶″㤹⸴㘠㌸㔮㠱㠠㐱〮㤱㝝ਯ䑥獴⁛ㄴ‰⁒ 塙娠㐸⸳㌱㘠㘶㤮㠳ㄷ⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㠲‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㐵㌮㔴″㘵⸰㠹‴㘴⸶㈲″㜶⸵㐶崊⽄敳琠嬱㐠〠删⽘奚‴㠮㌳ㄶ′㈳⸳㈹㘠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄸ㌠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬳㘴⸷㈸″㌰⸷ㄸ″㜵⸸ㄠ㌴㈮ㄷ㕝ਯ䑥獴⁛ㄴ‰⁒ 塙娠㐸⸳㌱㘠ㄹ㐮㠳㜱⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㠴‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㌰㜮㌸㤠㈹㘮㌴㜠㌱㠮㐷ㄠ㌰㜮㠰㑝ਯ䑥獴⁛ㄴ‰⁒ 塙娠㐸⸳㌱㘠ㄴ㜮㌳㜶⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㠵‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㐸㜮㜱㌠㈷㌮㐳㌠㐹㠮㜹㔠㈸㐮㠹崊⽄敳琠嬱㐠〠删⽘奚‴㠮㌳ㄶ‱〹⸳㌲㜠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄸ㘠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬵㈰⸶㠹′㔰⸵ㄹ‵㌱⸷㜱′㘱⸹㜶崊⽄敳琠嬱㐠〠删⽘奚″〹⸵㠷㘠㜱㜮㌳ㄱ⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㠷‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㔳㐮〸ㄠ㈵〮㔱㤠㔴㔮ㄶ㌠㈶ㄮ㤷㙝ਯ䑥獴⁛ㄴ‰⁒ 塙娠㌰㤮㔸㜶‶㜹⸳㌵㈠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄸ㠠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬳㈴⸰〳‱㜰⸳㈠㌳㔮〸㔠ㄸㄮ㜷㝝ਯ䑥獴⁛ㄴ‰⁒ 塙娠㌰㤮㔸㜶‶㌱⸸㌵㠠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄸ㤠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬳㜱⸴㤶‱㐷⸴〶″㠲⸵㜸‱㔸⸸㘳崊⽄敳琠嬱㐠〠删⽘奚″〹⸵㠷㘠㔹㌮㠳〷⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㤰‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㌸㔮㔠ㄴ㜮㐰㘠㌹㘮㔸㈠ㄵ㠮㠶㍝ਯ䑥獴⁛ㄴ‰⁒ 塙娠㌰㤮㔸㜶‵㐶⸳㌱㌠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄹㄠ〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬴㔲⸱ㄸ‱ㄳ⸰㌵‴㘳⸲‱㈴⸴㤲崊⽄敳琠嬱㐠〠删⽘奚″〹⸵㠷㘠㔰㠮㌳㔳⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㤲‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㐶㘮㈷㔠ㄱ㌮〳㔠㐷㜮㌵㜠ㄲ㐮㐹㉝ਯ䑥獴⁛ㄴ‰⁒ 塙娠㌰㤮㔸㜶‴㜹⸸㌳㤠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄹ㌠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬴㌮㠳㈷′㤮㘳ㄸ‱ㄷ⸵〱″㜮㤶㤳崊⽁㰼⽓⽕剉ਯ啒䤨桴瑰猺⼯睷眮晲潮瑩敲獩渮潲术橯畲湡汳⽩浭畮潬潧礩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㤴‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛ㄲ〮㤴㔠㈹⸶㌱㠠ㄸ〮㤲㐠㌷⸹㘹㍝ਯ䄼㰯匯啒䤊⽕剉⡨瑴灳㨯⽷睷⹦牯湴楥牳楮⹯牧⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄹ㔠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬴㐱⸶㠷′㤮㔸㘸‵㔱⸴㐵″㠮㘱㜳崊⽁㰼⽓⽕剉ਯ啒䤨桴瑰猺⼯睷眮晲潮瑩敲獩渮潲术橯畲湡汳⽩浭畮潬潧礣慲瑩捬敳⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄹ㘠〠潢樊㰼⽎″⽌敮杴栠ㄳ㔷㈾㹳瑲敡洊�㔄��Ƞ�獣湲則䈠塙娠ߒ�����慣獰������������������팬��������������������������摥獣�´�`睴灴�Ĕ��捰牴�Ĩ�
䄲䈰�ĸ�㏊摥獣����慤桯挀���������������������������������������塙娠������팬瑥硴��湯湥��浦琲��̃ഀ�����������������������������$�²o/ȩîeҦƪ´ࡍʧĠ഼ϫƩᎏջɓ᭝܃Ḥ밉鄄ฯ뼌ḅ∼笏܆幋Ē伇셛愀怀대᠀萀숀쬀케䄁企᠄븂ਁ月攃܁팍各䬂Ꭸל̆᭵޼ϑⓔৱӁ⿗౾ו㲔ཧܑ䬙ኰࡵ孺ĪȬKŎȻþƙɛɴșʑӱ˔ˠ࢘ϑ͋ඇԖϕᏚڦѾᮨࢆՊ┇઻ع《ൈݎ㳇ေࢉ䭌፺৭宭ʂҫ¢ʦҺŔ˱ӚˋͰԐՈЬ՟࣮ԩ׋ෞ٭ٔᐱ߽۾᯾৞߉╝ఓࢸちຠ্㴝ᆉଉ䮣ᓑ౭̄稈唁℄鸈攁팄萃䨅栈먅윆␉ਉ洇℉甎崈攉︔뀉ꠜ紋혋琥�ଌ挰餍砽鰓舎덌∖쨐ᢂܣൊǍ݇൙ɿޒ൹϶ࠒදٳ࣍෾ਙ৊๪༈ଏ໳ᔌ鼏鰝⤎缐椦蠐딑報贓䈒派䠖⬓ꥌ츙猕൝⸊贓ꐂꤊ뀓댃嬊ﬓ팄툋笔इ伌㘔堊㌔쐏砕䴖㠐ࠕԑ숧搔ḗ눲椖꬘옿␙鐚ɍꨜ�晞਎숛稃렎褄樏ㄛꠅ뀛�帐洜⸌ԑ樜餐긝⌗䜔㸝찟ᔖ἞頨琘吟蜳砚鵀㌝쨡�ሣ㱟ᨓ퀤︓뀔㼥ሇ✔뼥䠉ꐕ稥霍䬖眦Ȓ㬗밦谘贙䰧㔠嬛Ⱘĩ먝愨븟Ձ稢�Ｆ‬ꑠ怙섯紙ȇ〚〰∈ꜚ뀰堋⌛欰꜎쨜栱ጓ먝괱鰚ട㴲䔡�ᄫ㤣匴6㸥ᕂ﨨줶兑縬ᄷ둡�ꄼ묈㠠쐼쬈༼戡輽ℌ�䨽瀐蘣䜽�谾攛젦᰿ร阧ﰿ�ㅀ쨷郎빁�딯ꝃᩓ㬲繣鬨畋儊㈨饋怊而嬩摋똎�Ԓ缫᱌瀗漬恌精섭ꌥ輯텎漮ݏ帹鑐瑆긷絑꽕㐺앓፥鐱䭛숌氱潛툍ḱ멛锲㨧ᄓ㋵眔뤳ᦨ㔷嵫Ώ㛇帕⟉㢧廡ㄧ㫜忐㰬㵩惦䣨䁒戡坮䎛掅柎m7��G¶Ügȭś�Ҫȗìࡐ̔ŗിјǡ᎓רʊ᭠߉͖Ⓙ৾х⿃ಋ՚㱿ཱིڕ䬅ኼ߹孥Íë�ñúÎļĚɅƼŐӂɷƟࡨʹȊ൘ҸʔᎫو̽᭸ࠩЉⓗਫ਼Ӹ⿛೫؍㲗࿔݈䬝ጝࢬ孽ƗɣOƻɲāȆʒɸʆˈӵ̗࢛́о΃ඊփЌᏞܓҶ᮫ࣳց┊ନٱ『ඵޅ㳊႟ࣁ䭐Ꮷਥ宰˯Ӣ¥̓ӲŘ͞ԑˎϝՈՋҙࣲ֖֗؂෡ۚڌᐵࡪܵᰂੋࠁ╡ಀࣰつ།ਅ㴡ᇶୀ䮦ᔾತ܄贁␅ଈ鰁휅嘈밃丅픈쨆鄉䄉焇踉괎怈툊㘔됊戊脌䌋ꬥ砌鬰؍꼽ꀓ┗㘐傆ސඁǐ޴එʂ߿ධϹࡿ෧ٶऺึਝ਷ມ༌୼༪ᕟഌ࿔ᴭ໬Ⴁ⚌ᄢᆐ㆐Ꭿእ㹋ᚘᏠ䳑᧠ᕄ崲ૺᏜʬଝᏫ͞୨ᐋӕ௨ᑁݒಣᒐૹචᓻ࿨໥ᖅᘻၶᘮḉቖ᛺❨ᒋ៩㉬᜘᣾㼧ᨁᨹ䶭ᵉᮝ帎༯᮱λནᯀѮྞᯠץဝᰖࡢლᱦఈᇗ᳑ჸጛᵚᝋᒫḄἘᚌỏ⡷ᣁ᾿㍼᭎⃔䀷Ḷ∐亽ⅿ⍴弝ᐽ┚Ԃᑡ┩ִᒬ╉ܫᔬ╿নᗧ●ൎᛤ☺ሾᠩ⛃ᢑᦹ❭⁞ᮙ⠸⦽᷎⤨㓂⁛⨼䅽⍅⭸倃⚍Ⳝ恣ᨮ〫ځᩒ〺ܳ᪝すࢪᬝわଧᯘミ໎᳕ㅊᎾḚ㇓ᨐᾪ㉽⇞↋㍉⬼⏀㐸㙁♍㕍䋽⤶㚈冂Ȿ㟬懢ℍ㳳࠼ℱ㴂࣮ⅼ㴢੥⇼㵘ೢ⊷㶧ႊ⎴㸓ᕹ⓹㺜ᯋ⚉㽆⎙⡩䀒⳸⪞䄂㟼⴫䈖䒸〔䍒匾㍝䒶掞⣢䮈ਵ⤆䮗૧⥑䮷౞⧑䯭໛⪌䰽ኃ⮉䲨ᝲⳍ䴱᷅⹞䷛▓〾亦⻱㉴侖㧵㔁傫䚲㟪凧唷㬲卋斘ㆸ寺౯㇜ऍℲ✩ຘ㊧弑ᘳ抮ᒽ㑟崚᦬㖤嶣῾㜴幍⟍㤔弘ㄫ㭉怉㰯㷖愝䣫䂿扙坱䐈掽柒Œ¬�Ŷ¼½ǁÛȴɀđұ˼šࡗϹǌേԽɕ᎚ۍ˿᭧ࢮϋⓆૣҺ⿊൰׏㲆ၙ܊䬌Ꭱ࡮孬Ʋş#ǖůÕȡƎɌʡǅӉ̂ᐈ瀄夂缍弅鴃ࠓ눇ⴃ눛耉ค縤�䌅洯퀆舼鸐먇뵋␔ȉ⅛蔂簂�ꀂࠂ܂缃欃㴄ﰄ☃谈ꌅ⌃鈆栄脓⨛댉�ሌആᔎ騇屮턑萉㙋圔찊饛렃퐅圀괃昁弄䌅蘂현숅밅包縆ఈ句笆眍뼇�㰉伇ꨜऋ〈瘥栍攉攰氏稽⠒�긖⌍ᤎ׌ंĬװऑǞػऱ͕ں१גݶশॸࡳਢ๧ষફᒻେ୔ᲈനఠ◧ཝഏルᇫฤ㶧ᓔའ䰭᠛Ⴤ贈甍휈餎Ԃ計┄ĉ搎嬆紊Ἆꬊ␋ᰏᘏጌ怏鼕服䨝㐏턑ᔦ錒ܒԱ頔鐓ᨾ北純啌�륝㤋�倂댌Ȕ怃昌䴔耄�촔딇复蠕ԋ�蔕瀏쨕猪䌑嬖ꌞဓ㬗漧漕瀘帲琗ﴙ猿⼚깍됞⸜቞ᔐᐜ☃쌐㤜㔄甐萜唅̜謈椑뼜�밝䘑��켗刕逞礟἗焟䐨缙꘠㔳茜㌡䥀㸟ᬢ蕎쐢搣␕∥輅क䘥鸅묕鄥븇㈖ᄥ꼖찦䌍嘗줦꼒䘙ധ㠘頚鸧攜縨괩쐞댩鴴줡䄪녁萤⨫ਧ爭兠樛ጰ鼆蠛㜰긇㬛舰츈넜ȱЋ⸜봱后픝먱뼓씞Ｒ䠚ᠠ進瀳봫䐤ꔴ괶䠧㈵쉃Ԫᬶﵑ褭挸慡栈䌢ᘽ眈愽霊洢촌鰾ᰐ鄤餾蜕耥�ᄛ팧渿묣ꄩ乀蜬Ｋ荁眸Ю၂譄쀰暑읓䔴䉅⩣꘩읋ﴊ㰩ఊ㙌Ⰼ昪뙌戎煌넒訬湍ᴗ礭뉍ꘝ찯䍎倥騱⑏ᬮ奐హﴵ⁆뤸콒唿㰗叀斟㊝漌瘲셾ഩ㌌鸎ꀳ賔ᄝ㑇崣ᓄ㕄嶎ᦳ㚈帘 㠙廁⟔㧹徍ㄲ㰮恽㰶㺻憒䣳䆥拎坸䓭搱柙˗ų�˻ƂÉ͆ƢɀυǘҽҀȧࡤվʒ൓ۂ̜Ꭷࡒυ᭴ਲ਼ґⓓ౨ր⿖໵ڕ㲓ᇞߑ䬘ᔦऴ孹̷Ȧ/͛ȵâΦɕəХʋӕӡ˚ࡼמ͆൫ܢϏᎿࢲѸᮌઓՄ⓫ೈس⿯ཕ݈㲫ሿࢄ䬰ᖆ২宑ЁΞbХήĕѰύʌӰЃԈ֫ѓࢯڨҾඞ߬ՇᏲॽױᮿଢ଼ڽ┞ඒެ〢ဟࣁ㳞ጉৼ䭣ᙑୠ寄ՙ؞¹սحū׈ٍˢهڃ՟܂ےआࠀܽ෵ॄ߇ᑈ૔ࡰᰖವ़╵໪ਫへᅸୀ㴴ᑠ౼䮺ឨෟᬇ儉적㠇甉휁쀉愈㼊ⴅ�﬊紉蔉琋㰋焔윌찌ᬜ锎괌혰瀎댖堐❌㤙ꀑ讚৺ຽǤਞ໌ʖ੩໬Ѝ૩༢ڊதཱਰಡ࿜༠෥ၧᕳྲྀᄐᵀᅗᇜ⚟ᎌዋㆤᘙᏠ㹟ᤂᔜ䳥᱊ᙿ嵅ൣᔗˀඇᔦͲිᕆө๒ᕼݦ།ᗋଌညᘷ࿼ᅐᛀᙏዠᝪḜᓀᠵ❻ᛵᤥ㊀ᦂᨹ㼻ᱫ᭵䷁ᾳ᳙帡ᆚᳬϏᆽ᳼҂ሉᴛ׸ኈᵑࡵፃᶡజᑁḌᄌᖅẖ᝟᜕ἿἬ᣶‌⢋ᬫ⃻㎏ᶸ∐䁋₡⍋仐⏩⒯弱ᚧ♕ԕᛋ♥׈᜖⚄ܿព⚻঻ᡑ✊ൢ᥎❵ቒ᪒⟾ᢥᰣ⢨⁲ḃ⥴⧑‸⩣㓖⋆⭸䆑▯ⲳ倖⣷⸗恷Იㅦڔ᲼ㅵ݇ᴇ㆕ࢾᶇ㇋଻Ṃ㈚໡Ἷ㊅Ꮡ₄㌏ᨤ∕㎸⇲⏵㒄⭐☪㕳㙕⢷㚈䌑⮠㟃冖⻨㤧懶⍷㸮ࡐ⎛㸽ं⏦㹝੹⑦㺓೶┡㻣ႝ☞㽎ᖌ❢㿗ᯟ⣳䂂⎭⫓䅎ⴋⴈ䈽㠐⾕䍒䓌㉿䒍卒㗇䗱掲⭌䳄੉⭰䳓ૻ⮻䳲౲ⰻ䴨໯⳶䵸ኗⷳ䷣ឆ⼷乭ᷘド伖▦㊩俢⼅㓞僒㨉㝫凧䛅㩔匢啋㶜咆斫㐢崵ಃ㑆嵄വ㒑嵤ຬ㔑嶚ᄪ㗌巪ᓐ㛉幕ᧀ㠍廞‒㦝很⟠㭾恔ㄾ㶳慄㱃䁀扙䣿䌪掔垅䙲擸查Ԓʖ)ԵʥÜր˅ɓ؀˻ӏڻ͊ࡶ޸ζ൥ࣽпᎹઍөᮆ౭ִⓥຢڤ⿩ᄰ޸㲥ᐙࣴ䬪ᝡ੘宋ղ͉B֖͘ôס͸ɫ٠ήӨܜϾࢎ࠙ѩൽढ़ӲᏑ૭֜ᮞ೎٧⓽༃ݗ、ᆑ࡫㲽ᑹধ䭃េଋ宣ؼӂu٠ӑħګӱʞܪԧԛߦնࣁࣣסධਧ٫ᐄஷܔᯑ඘ߠ┰࿍࣏〴ቛ৤㳰ᕄଟ䭶ᢌಃ寖ޔ݁Ë޷ݐžࠂݰ˴ࢂަձऽߵघ਺ࡡง୿࣪ᑚഏঔᰨ໯੟▇ᄥ୏りᎲౣ㵇᚛ඟ䯌᧣༃ⴉ谊䨉꼊ﬁﴉ﬋ᬃ猊程儅㔋ꀉ霌㌌଎蘍県锔�㸜꜐ਦؓḎ櫓ਕ꬐༽옘錑䩌䬛�వ࿠Ƕౙ࿯ʨತတПത၆ڜෟ႕੃ໜᄁ༲ဠᆊᖅᆱሴᵒ᎒ዿ⚲ᗇᏯㆶᡔᔃ㹱ᬽᘿ䳷ẅឣ嵗ྞᘺ˒࿂ᙉ΄ဍᙩӻႎ᚟ݸᅉᛯଟቆ᝚ဎᎊ៣ᙡᔛᢍḯ᛻ᥘ➎ᤰᩈ㊒ᮽᬿ䴞ꘜ額팡ﱞ㌓퐞ဃἄ鐔䌞㼆ଔ쌞甈蜕縞쐌⸖笟⼑ḗ쀟뤗焙倠挟㸛〡⼨鴝攢ḳꈟ㍀崢�湎␥퉟䌘礅✙ا蠅�ꠇ儙턧�츚谨ⴍ琛褨頒搜촩∘뜞崩쬠萠㸪霩琫蘴Ĭ魁ꌧ흐⤫㈯㩠褞팲褆ꜞ頇够䈲레퀟숲䴠縳㴎笳ꤓ뼴㈚㘤伴�Ц〵ꜫ戨收霶未ꭃ⌭�꠱␺䭢ࠥ눿刈戥혿愉ᐦℿ脊謦ꄿ뜍ࠧ䀇Ⴏ⡙䁲ᖟ⦝䃼ᯱ⬭䆥⎿ⴎ䉱ⴞ⽃䍠㠢㇑䑵䓞㒺䖰卤㠂䜔揄ⶇ䷧ਜ਼ⶫ䷶଍ⷶ世಄⹶乌༁⼱些ኩ〮伆មㅳ侐ᷪ㌃债▹㓤儆⼗㜙凵㨛㦦匊䛗㲏呆啝㿗喩斾㙝幙ಕ㚁幨േ㛌庇຾㝋庾ᄼ㠇弍ᓣ㤄彸᧒㩈怃․㯘悬⟲㶹慸ㅑ㿮执㱕䉼捼䤑䕥撷垗䢭昛柷ࠕРB࠹Яôࢄяɫऄ҅ӨিӔ࢏઼Կൾఀ׉Ꮡඐٲᮟཱܾ⓾ᆧ࠭、ᐴू㲽᜝੾䭃ᩥ௡室ࡵӓZ࢙ӢčࣤԂʃ।ԸԀਟևࢧଜײඖౠټᏪ෱ܥ᮷࿑߱┖ሇ࣠〙ᒔ৵㳖᝽଱䭛᫅ಔ宼ीً�ॣٛŀমٺʶਮڰԳ૩܀ࣚ௦ݫ෉ഫߴᐝົ࢞ᯪႜ३╉ዑਖ਼がᕞ୮㴉ᡇ಩䮎ᮏญ寯ગ࣋ä઻ࣚƖଆࣺ̍அर֊ుॿरാ৪ภຂੴᑳဒଝ᱀ᇴ௩▟ᐩ೘ィᚶ෭㵟ᦟ༨䯥᳧ႍ䔌輌甁挌댌萂ᔌ︌ꐃ谍縌�㤍⨉꼏㘍锎鼐笎Ḕఎ제뼓錦἖ℐ萱∘긑餽�霒푌搞�㣄༹ᅫȏ༑稂섏꜑騄㠐✑퀆딐Ἂ嬑訏䨓┓ᐕ鸔딓봝欖锔褦쨘쨕砱켛圖贾訞䀗졍အ褙ⱝ瀒ꌗ쐂옗팃鴓ሗᐓ鄘⤇鄔䰘砋㜕䤘☖踙洖稘Ḛᘞ䜙：ꘜ㌛턲꬞서昡ꨞ≍蕞䰖�猪ﰟꠄ갗䜟젆⌗옟︈ꀘ舠伌䜙缠먑㜚쌡䌗褜匡圞㐢뤨똠樣꠳먢뵀甥﬩✧弛ȅ䀜ऩህ吩ㄇ検퐩有輩뜍贞谪−紟턪꬘켡戫唠鴣䈬℩ﰥ眭ဵ(Ю╁밪恐䄮㔰애ꈡ�뼡הּ∇爢䘴䈈옴砋攣脴윏త縵㈓ﰥ쌵밚伧匶攢ᴩ㌷ㄫ笫核‶耭㕃㰰�灑쀴✻푢ℨ뙀�稨�⴩⑁ଊꐩꑁ䄍‪彁鄐젫䇼ᖷⲡ䊅ᰊ⸱䌯⏘】䏺ⴶ㉇䓪㠻㓕䗾䓷㞽䜺卽㬅䢞揝る佰ੴク侀ଦヺ侟ಝㅺ俕༚㈵倦዁㌲傑ឱ㑷儚ḃ㘇凄◑㟧劐⼯㨜卿㨴㲩咔䛰㾒嗏啶䋛圳旖㥡忢ಭ㦄忱ൠ㧏怒໗㩏恈ᅕ㬊悘ᓻ㰇愃᧪㵌憌‽㻜戶⠋䂼持ㅪ䋲揱㱮䕿攅䤪䡨晁垰䮰枥栐௲ؘbకاĔౠهʋೠٽԈඛۍࢮຘܸඝ࿝߁Ᏹᅮ࡫ᮾፎश┝ᖃਦ〡᠐଺㳝᫹౶䭣ṁේ寃౒ۋz౶ۚĬುۺʣീܰԠ෻ހࣆ໹߫බှࡴᐉᇎञᯖᎯ৩┶ᗤ૙〹ᡱ௭㳵᭙ഩ䭻ạຍ寛ജࡄ­ീࡓşඋࡳ˖ชࢩՓໆࣹࣸ࿃ॣ෩ᄈ৭ᐼኘખᰉᑹୢ╨ᚮ౑ぬ᤻൦㴨ᰤມ䮮Ὤဆฎ琊쌁̎霊툁똎ⴏ戋⠅ꤐᴋ眉們ᬋ㼒怌气錓ᘜ怕퀍뼘Ԏ터쌚鈏缝笑≌Р쐒虥ၭ๮Ƃ႐๽ȵნຝάᅛ໓بሖ༢৏ጔྍ຾ᑘဘᔒᗨჁ᳟៉ᆍ☾᧾ቼㅂ᲋᎑㷾έᓌ䲃⊼ᘰᘓ挂⸓㨓爂蔓鈄圔ԓ젆퐔쀔ᜊ笕봔茏樗ĕక봘鄕똝謚爖脦ꜗ焱㐘蔾ꨢḙ셍⼥昛╝逖缙밃ਖꌙ쬃밖㌗渚ℇ뀘⤚焋圙☚�䘚樛攖餛﬜༞朝�옠ဝ쨲쨢鸞�蘥蜠᭎ନ켡罞氚됡錄ᨚ�찛⌡숆䌛ꌡ쀜帢䜌昝嬢눑圞ꀣ㰗ꤠ〣瘢ᄤ넨픤䘥ꀳ�땀锩밧ᬭЩ呟笟숪ﬅ怟ਆሠㄫ⨇褠눫怊ء洫꼍갢樬ᨒ鰣긬ꐘ㸭䴠밧Ἦᤪᬩ启࠵‫ṁ�쨱婐愲ጲ뵠섥됶ଆ��鄦⌶㨉ࠦꌶ瀋蔧帶뼏Ⱘ嬷⬔ᰩ鼷됚渫⼸帢㰭္⤫鬯䔺ᤶ鼱팻ⵃ嬴밼楑н쵢䀬鉂픈騬뙂䰭ŃЊ쌭腃㨍䀮㱃褐㥃휰組縜⤲ๅ✣嘶⑆娸녇ᘻ驉㉓鰾陣ﴴ桑樊錴豑礋䘴흑餌봵坑켏㤶ቒḒདྷ褗퀸卓ጞ⌹밥쑔蠯伽凌眺呀虖豇၃灗졕镆띙⭥㵡�촽慡缽걢଎⭢䄑琾逕ᬿ﬚ੁ⥣蔠䊹搮⠫䒚擺ㆊ䛏早㲍䤌﹉䥌䕨㥗콏豩鵨【똈蜀蠐�㬑┈똂눑ꔈ⸒怉㬈픓崉꘍쐔ꄊ〔᠖㈊�ላꔥ䐚䜌鐰䠜퐍ꤽП봎訣ؐ䥛ᜉ㨀ꄑ㨉䤁匑蔉椂쨒ԉ鼅䜒쀉봊复�Ȋ〖鈋谛ﴘ爌堥ᪧേだᴴ฽ᰠᴏ靋ꈣ昐ﰂᇡલÔህુƆቐૡ˽ዏଗպᎊ୧ठᒈ௒ฏᗌ౛ᑣᜅᰰ᤽ැ▏᭲ເん᷿࿔㵏⃨ᄑ䯕␰ትԓ㠍㈁⨓䄁�꜍愃匔✍霅퀔眕�儎昗⌎�됏萜蜚鐐儥중䀰嘒唽꘢䀓遌⬥蠔ᔰოƩᕔწȕ鼑ః팖ἑ䈆伖�휑ﴎᰒ蘕㤚갓〝؜谓ﬦ攞섔模伕＾┤㠗㭌ꨧ耘齝ଗ�唗︕ܘ䤖Ą縘젖㜆﬙萖蘊ꈚ脖鄛씗笕唘␝눟㘘ᄡ氙�ᔣ駱퀦⽍嘪⤝鍝뜛䌜⬃ㄛ朜㨃눜娅娜ㄜ逇휜�縝䨐洟⸝퐖쀠뼞紞踢ꀟ䤧픠㤲戡丿갪䬢襎㈭鈣錟砤Ą䀟鰤င〆樠栤昈⌤똌财‥ℑ紣搥ꨗ퀤吟鴦픧Ἠﰩਨ༴ī霩⍀밮耪彏䈱줫썟ꈤ蜭椅蜤ꬭ砆㤤頇뀥甭츊⴦ㄮḍ팧⸮褒쌨爯ሙᘪȯ밠蠪䈮ᠱ砵䜰꘲豂̳踳졐蠶혵Ⱡ砸礇ت鰸複렪ꠉ⼫昸�갬∹⸏匭Ἱ餔䌮挺⌚锯찢挱픻頫섴਼蜶옶霽鱃船缾흒ܼ은㱢朱坅䌈성筅刉猱왅爊䕅ꠍ朳Ņ༳﹆挕︵䉆倶퉇阤Ἰ덈愭紺儸脽畊故㵀幋ꅓ썃ꙍդ⌹ⱓ�体氹魔܌ᩔ㴏怺화贓࠻퍔᝕脞䨾Ꝗ⬦ᡀ衖療빗穅䭘漢㝈㍚㙕뱋筛驦ᵂɤ䨌♤复Ꙃ煤礏ᵂ꼑魃ꭤ︕䉄ꥥ樚ㅅ荇給鴨剉幧栱녋鍨堼둎⁩汉灑४ꡗ公౨嘖漋爀뜖錋脁椖�ꄂ崋휅崘ᤌ☉Йᘌ鈍娍ᬔ䜛쐜ᐝ쬎逥猠�缰眢踐锽㌥眑텋련븓㐙ᛏథÏᛳఴƂ᜾౔˹ើಊյ᡹೙ज᥶൅ซ᪺෎ᑟ᱋๸ᰬḫགྷ▋⁠ဴわ⋮ᅈ㵋◗ኄ䯐⤟Ꮸė餍鸁ȗ봍괁딘ࠍ찃Ⱈ蠎̅ꠙ䌎刉会䀎봎㸛蔏䜔鈝ᔏ弞봥븡⬑갰숣렒섽縦ꄓﱌ̩恤ᣱသřᤕိȋᥠ၍΂᧟ႃ׿᪛გদᮘᄽຕ᳜ᇇᓨṬተᲶ⁍ጼ☕⊃ᐫㄘ┐ᕀ㷔⟹ᙼ䱚⭀៟묚적��堓ě�縜錔紊┝途ᐞ퐕焕朠搖ᬝ㔢䘖鐤笗혱頧࠘匩♌�詝㨝鈘봂萝똘찃㘞Ę괞脙∇⨟㰙焊퀠㤙�쀡缚昖ጣ༛༝�␜쨲䐩넝�Ｌ騟᭍蔯罝ﴟᘃ怡‟┄ሡ欟䔅褡笈آꘟ쨋갣ꌠ㜐鴤쀖砡樞밨堢㔨ᬪ责┳‭ᨤ㤿�畎愳䰦�㈦漥嘦ﰅ∥ꄧᰆ頦‧刉ᔦ�ꄌ밧�갩ᴨ阗Ｊ괩㼟찬踪଩⬮쌪勤〱儬ཀ㨭䩏瀷脮깟턪㼰嘅딪挰攆株기蔇�⸰묊嬫਎Ȭ甒⬱９䔯묲ꠡጱ鰳琪焳턴挵瘶帵硂㈹䜶덐똼輸ᝡᜰ〻攇㐰吻琇ꀻ鐉帱※쨋�ᤏ脲�焴ᴽบ쐵괽뜢鈷贾茫숿父佀衃넿㡁쑒㝂腃❢阷၈⼈㍈㸉ꈷ繈帋ᤷ﹈錍阸륈㴹뙉世ⰺשּ�譊脤䴾歋䴭ꭀꁌ㰸끃⹍充汆ᝎ豓彏刾쐊ࡖ팋鬿卖ሿ퍗⤏轀蹗砓㝁豗♂텘洞硄慙ᘦ䙆䅙ꕈ癚턺ꥋ͛敍⅕㕞蕦䭇멧㔍⍇�䔍핈⥧搏䱈ꥧ騑쩉摧灊慨唚恋Ꙩ�뉍㙩蠨聏ᙪ吱�䱫䌼�齖쉭鍘╚੮蔝⤎䴎ꀝ頏ဃ᜞ᜏ䘅鐞팏锉㬟퀐Ď⨡ᔐ謔縢ꔑ㐜䬤蘒%ꨦ묒괩䠔н樬ㄕ㽋砖ꍐᶉྔĆᶭྣƹ᷸࿃̰Ṹ࿹֬ἳ၉॓‰Ⴔโⅵᄾᒖ⌆ᇧᱣⓦኳ◂✛Ꭲテ⦨ᒷ㶂ⲑᗳ䰇⿙᝖栞匑ഁ㤞眑ᰁ숑㰃挟䈑爅�ﴑ숉蘠﬒ⴎ產䀒똔줣퀓怜阥뀔⬥ᬰ浪爖⼽딭嬗歌㨰ꐘ쾛ᾫᎍƐ῏᎜ɂ‚ᎼιₚᏲض⅖ᑁঢ়≓ᒬ໌⎗ᔶᔟ┧ᗟ᳭✈ᚫ♌⤽រㅏ⯊᢯㸋⺳᧪䲑ㇻ᭎ꐗ㜂༡젗䘂섢጗昄㠢錗鰆딣丗⑋ᡗཋ▏ᣠᖞ✟ᦊᵬ⤀ᩕ⛋⬵ᭅ㇏ⷂ᱙㺊ガᶕ䴐㏴ỹ嵱⑍ᰬʻ⑱᰻ͭⒼᱛӤ┼Ბݡ◷᳠ଇ⛴ᵋ࿷⠹ᷕᙊ⧉Ṿḗ⮩Ὂ❶ⷞ›㉻に⅏㼶㍕⊊䶼㚝⏮帜➷⊆Η⟚⊕щ⠥⊵׀⢥⋫࠽⥠⌺௣⩝⎥ე⮢␯ᜦⴲⓘỳ⼒▤⡒ㅈ⚓㍗㏕➨䀒㚾⣣亘㨆⩇廸⯬⩛ҦⰐ⩪ՙⱛ⪊ۏⳚ⫀ौⶖ⬐ೳ⺓⭻ᇣ⿗ⰄᠶㅨⲮ ㍉⵹⥢㕾⹩㑦㠋⽽䄢㫴ズ侧㸻㈞怈ヺ㏄׬ㄞ㏓ڟㅩ㏳ࠖ㇩㐩઒㊤㑹ู㎡㓤ጩ㓦㕭᥼㙶㘗⅊㡖㛢⪨㪋㟒㖭㴘㣧䉩䀁㨢僭䍊㮆慎㛫㻔ݫ㜏㻣ࠞ㝚㼃ক㟚㼹ఒ㢕㾈ྸ㦒㿳ᒨ㫗䁾᫻㱧䄧⋉㹇䇳Ⱗ䁼䋢㜬䌊䏷䏨䗳䔲剮䤻䚖拎㷊䮝ध㷭䮬৙㸸䯌୐㺸䰂෍㽳䱒ᅴ䁰䲽ᙣ䆶䵆Ჶ䍆䷰⒄䔦亻ⷢ䝛侫㣧䧨僀䖣䳑凼吩候占撉䖟娲ଠ䗃婂௒䘎婡൉䚎媗࿆䝉嫧፮䡆孒ᡝ䦋寛ắ䬛蔦経ﭝ倯�ぞ䀺빟啇鱔Ꝡ酖≗艎瑪ꐍ婎顪댎౎팏荏捫ऒŐṫ夕ꝑᱫ쐚青慬䴠띕텭숲ᙘٮ눽ᩚ鍯왉홝籱͘惄牧梼⓱ዙĮ└የǠ╟ገ͗◟ጾה⚚ᎎॺ➗ᏹ๪⣜ᒂᒽ⩬ᔬᲊⱌᗸ◩⺁ᛧロㄏ៼㶩㏸ᤷ䰯㝀᪛輥儓谁䘥琓鰁쀓묃漦㼓﨔䄉錧갎舩㰕㔔픪찕�ꌬ괖ꬦȮ騱Ա瀘꼽섴堙䜷ꀛ产☛ᔅŹ☿ᔔȫ⚊ᔴ΢✉ᕪ؟⟅ᖹ৅⣂ᘥີ⨆ᚮᔈ⮖᝗᳖⵷ᠣ☵⾬ᤒㄸ㈺ᨧ㷴㔣᭣䱺㡪᳆�萁켧阗錂舧댃廊愗甩ᰘ㤊ᰪᤘꐏଫ帙ⴕ弬휝Ⱞ츚ꈦ謱Л鈱逳鄜Ꜿ䬶稝턹숟䙝ㄩ欛⼂伩踛㸃ĩ�砪夛鐆ᐛ鬬ᄜ丏設嘜𕘮脝ꬰ윞䴧ਲﰟ㰲༵褠刾쨸爡蹍倻먢뀬ᐠ␂館㠠㌃괬茠包⌭Ƞ複ꀭ븠�묡䐐㘯Ａ촖許逢眞圳焣䈧똵꘤㈲머㌥䜿瘻ᰦ艍מּ挧⽽♽ϖ⾡⚍҉⿬⚬׿に⛢ࡼㄨ✲ణ㈥➝ᄓ㍩⠧ᝦ㓹⣐ἳ㛚⦜⢒㤏⪋㎖㮜⮠䁒㺅ⳛ仗䇎⸿弸㎳⹓Ӧ㏗⹢֘㐢⺂܏㒢⺸ঌ㕝⼇ല㙚⽳ሣ㞟⿼ᡵ㤯ェ⁂㬏ㅲ⦡㵄㉡㒦㿑㍶䅡䊻㒲俧䘃㘖恇㣁㞼ج㣥㟋۞㤰㟫ࡕ㦰㠡૒㩫㡰๸㭨㣜፩㲬㥥ᦻ㸼㨏↉䀝㫚⫧䉓㯊㗬䓠㳞䊨䟉㸚儭䬑㽾憍㺲䋌ޫ㻖䋛࡝㼡䋻৔㾠䌱౑䁃脏婃鹄甛㩄⹅ἣॆཅ杈䑆�텇❍멉⩒굑͊蹣ๅ酏锉晅땏ꐊ᥆O쐋轆罏﨎ే㭐䨑둈㡐딖ꍉ籑㼜౑쑌됮≏≓ꌹ♑끔롅饕桗坤쥍晞⨋彍詞㤌ቍ핞复襎呞輐Տၞ�교ൟ䨘鱑剟팞縦뵔썡䤰᭖㤻⁙蕣䵇�撉噡徵旭曂嘼溜඙噠溫๋嚫滋࿂圪漁ቀ埦潐ᗧ壣澻᫖娧灆K宷烯⣷嶘熻㉖忍犪㵙扛玿䨕敄瓻墛梋癞棼ⷎᝠŶⷲᝯȨ⸽តΟ⺽ៅ؜⽸᠔ৃふ᡿າㆻᤉᔅ㍋ᦲ᳓㔫᩾☲㝠᭭ㄵ㧭ᲂ㷱㳖ᶽ䱷䀞ἡ�ጁ踮刘∂䄮鴘䈃렯ᴘ砆㐯��㈎쨲ᬙ박ḳ꬚攜講ㄦ䨷서‱为丝㔾਽㘞灌轀縟퓰⻹ᦋǁ⼝ᦚɴ⽨ᦺϫ⿧᧰٧イᩀ਎ㆡ᪫໽㋥᬴ᕑ㑵ᯞᴞ㙖Ჩ♽㢋ᶙㆂ㬘ậ㸽㸁Ῡ䳂䅉ⅎ崣ぐᰋȘぴᰚˊダ᰺сㅀᱰھㇻᲿ੥㋸ᴪཔ㐽ᶴᖧ㗍ṝᵴ㞭Ἡ⛔㧢’㇘㱯℮㺓㽘≩䴙䊡⏍嵹㉊᾵ʗ㉭ῄ͉㊸ῤӀ㌸‛ܽ㏳⁫૤㓰⃖࿓㘵⅟ᘦ㟅∉ᷳ㦥⋔❓㯚⏄㉗㹧ⓘ㼒䅑☔䶘䒙❸巸㓳⒫̓㔗Ⓔϵ㕢ⓙլ㗡┐ߩ㚝╟ஏ㞚◊ႀ㣞♔ᛒ㩮⛽ẟ㱏⟉⟾㺄⢸㌃䄒⧍㾾䏻⬈乄䝂ⱬ庤㠫ЄἸ耫ጄ털쬫㌆䠹䨫椈씺ث렌欻̬⌑㱇ⲭឮ㷗ⵖύ㾸⸢⣚䇮⼑㏟䑻〧䂚䝤ㅣ传䪬㋆往㲑㋚Ԯ㲵㋩ס㴀㌉ݗ㶀㌿৔㸻㎏ൻ㼸㏺ቫ䁼㒃ᢽ䈎㔭₋䏮㗸⧪䘣㛨㓮䢰㟽䆪䮙㤸倯仡㪜悐䆠㱂ٴ䇄㱑ܦ䈏㱱࢝䊎㲧ଚ䍊㳷ແ䑇㵢Ꮁ䖋㷫ᨄ䜛㺕⇒䣼㽠⬰䬱䁑㘵䶾䅥䋱傧䊡兵可䐅懖䞑䝓߳䞵䝢ࢦ䠀䞂ਝ䡿䞸ಙ䤻䠇၀䨸䡲ᔰ䭼䣼ᮃ䴌䦥⍑仭䩱ⲯ儣䭠㞴厰䱵䑰嚙䶰勶姠伔捖乯吜ম亓含੡仞呋௘佝咁๕候哑ᇼ儗唼᛫剛嗅ᴾ叫噯┌嗌场⹪堁堪㥯媎夾䘫嵷婺咱悾寞攑噅抱ந噩拀ౚ嚴拠ෑ圳挖၎埯捦Ᏽ壬揑ᣥ娰摚ἷ寀攄✅嶡旐っ忖暿㭨扤柔䠤敍椏嚪梔橳朊弚猣෢弾猲ດ徉獒ဋ怈玈኉惄珗ᘯ懂瑃ᬟ挆瓌ⅲ撖當⤿晷癁㊞梬眱㶢欹硅䩞渢禁壤煪童楄㟏ᱺǈ㟳Ᲊɺ㠾Ჩϱ㢾᳟ٮ㥹ᴮਔ㩶ᶙ༄㮻ḣᕗ㵋Ọᴤ㼫ᾘ⚃䅡₈ㆈ䏮↝㹃䛗⋙䳉䨟␼崩㠯ᴭǠ㡓ᴼʒ㢞ᴄहḝ鈆蘹�ⴺ혞䴏᰼ᬞ형漽꬟耝㴿謠䰦鱁섡㰱ꁄ丢倾孇㜣豌缤䈸羽ꔂጹḞ딂씹椞퐄㰹ਆ뤺ꐟ娊总ꄟ씏似倕ꈾ甠欄灀嘡씦콂谢됱퍅ᤣ줾蹈ĥэᑋ䤦桝町儡☂樺甡㔃᰺쀡唄錻䀡謇ျﬡ�䔏ꔾ㰢켕錄촣砝왁긤䐧╃㌲⩆瀦䠾大葍歌ꄨ쬼䤤퀂洤�鬼려％ሽ㠥㔇輽蔋㔾╀㔦礖硁옧⌞䕃꘧ꑅ󚈲ꥈ栩摋儫⹍餬鉞䨾씃鐿ᜩ퐄䜿�

