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PROPERTIES of MESENCHYMAL STROMAL CELLS 

•  Multipotent cells  
 capable of differentiation into several mesenchymal 
lineages 

 

•  Remarkable expansion after ex vivo culture 

•  Enhancement of hematopoietic stem cell engraftment 
 

•  Immunosuppressive properties 
 

•  Tissue repair properties 

What happended since Friedenstein (1968)? 



TIMELINE REPRESENTATION OF MAJOR DISCOVERIES THAT SHAPED 
THE UNDERSTANDING OF MSCs 

Kfoury Y and Scadden D. Cell Stem Cell 2015 

IDENTIFICATION OF MARKERS FOR THE PROSPECTIVE ISOLATION of 
MSCs from BM: 
-  CD146, CD271: human (Sacchetti et al.; Tormin et al.) 
-  Nestin: murine (Mendez-Ferrer et al.) 
 



THE MSCs’ PARADIGM SHIFT 

 Mougiakakos and Le Blanc, Nat Rev Immunol 2012 

MSCs from IMMUNOREGULATORY to ANTI-INFLAMMATORY CELLs 

THE OLD PARADIGM THE NEW PARADIGM 

Nauta & Fibbe. Blood 2008 



MSCs as Sensors of the Inflammatory
Microenvironment: Impact of Innate Immunity
Inflammation serves as a localized or systemic protective
response elicited by infection, injury, or tissue destruction and
serves to eliminate pathogens and preserve host integrity. Within
hours after the onset of an inflammatory response,molecules ex-
pressed by pathogens or associated with tissue injury are recog-
nized by Toll-like receptors (TLRs) present on innate effector
cells. TLR ligation triggers phagocytosis and the release of in-
flammatory mediators, which may initiate innate immune re-
sponses that provide a first line of nonspecific defense, mainly
through the activation of phagocytic cells, including macro-
phages and neutrophils (Gordon andMantovani, 2011). TLR liga-
tionmay not only activate phagocytic cells but also stromal cells,
including MSCs, thus creating an inflammatory environment
(Mantovani et al., 2013; Waterman et al., 2010).
MSCs Induce Macrophage Polarization in an
Inflammatory Environment: Contribution of In Vitro
Studies
Much of what is known about immunmodulatory properties of
MSCs has been discovered through cocultures of MSCs and
immune cells. Human and mouse MSCs dynamically express a
number of distinct and overlapping TLRs in culture, and in vitro
stimulation of specific TLRs affects the subsequent immune
modulating responses of MSCs (Nemeth et al., 2010; Tomchuck
et al., 2008; Delarosa et al., 2012). Under hypoxic culture condi-
tions, stimulation of MSCs with the proinflammatory cytokines
IFN-g, TNF, IFN-a, and IL-1b upregulates expression of a subset
of TLRs, thus increasing the sensitivity of MSCs to the inflamma-

tory milieu (Raicevic et al., 2010). However, prolonged stimula-
tion with TLR ligands causes downregulation of TLR2 and
TLR4 (Mo et al., 2008), most likely as a self-regulatory mecha-
nism to prevent overactive skewing of the immune response.
To direct appropriate immune responses to a diversity of path-

ogenic insults, the different TLRs are activated by specific
endogenous or pathogen-associated molecules, including lipo-
polysaccharide (LPS) from Gram-negative bacteria (TLR4) and
double strand RNA (dsRNA) carried by some viruses (TLR3).
Waterman et al. (2010) have suggested that MSCs may polarize
into two distinctly acting phenotypes following specific TLR
stimulation, resulting in different immune modulatory effects
and distinct secretomes. The TLR4-primed MSC population ex-
hibits a proinflammatory profile (MSC1) and the TLR3-primed
MSC population delivers anti-inflammatory signals (MSC2)
(Figure 1). Although the molecular pathways that promote a
proinflammatory or anti-inflammatory secretome following TLR
ligation remain unclear, the concept of MSC polarization into
proinflammatory and anti-inflammatory cells provides an attrac-
tive model to explain and interrogate the apparently contradic-
tory roles of MSCs in inflammation.
Within the innate immune system, it is well established that

macrophages are key players in initiating and controlling inflam-
mation (Mantovani et al., 2013), and MSCs can influence macro-
phage function depending on the inflammatory context (see
sections below). Monocytes arriving at an inflammatory environ-
ment can develop into activated M1 macrophages or convert
into alternatively activated M2 macrophages depending on
microenvironmental cues. While M1 macrophages stimulate

A B Figure 1. Polarization of MSCs into a
Proinflammatory and Anti-Inflammatory
Phenotype
(A) In the presence of an inflammatory environ-
ment (high levels of TNF-a and IFN-g), MSCs
become activated and adopt an immune-sup-
pressive phenotype (MSC2) by secreting high
levels of soluble factors, including IDO, PGE2,
NO, TGF-b, Hepatocyte Growth Factor (HGF),
and hemoxygenase (HO), that suppress T cell
proliferation. The switch toward MSC1 or MSC2
type may also depend on MSC stimulation
through Toll-like receptors (TLRs) expressed
on their surface (Waterman et al., 2010). Trig-
gering through double stranded RNA (dsRNA)
derived from viruses stimulates TLR3 on the
surface of MSCs and may induce the polariza-
tion into the MSC2 anti-inflammatory type.
Together with constitutive secretion of TGF-b by
MSCs, emergence of regulatory T cells (Tregs) is
favored.
(B) In the absence of an inflammatory environ-
ment (low levels of TNF-a and IFN-g), MSCs
may adopt a proinflammatory phenotype (MSC1)
and enhance T cell responses by secreting
chemokines that recruit lymphocytes to sites
of inflammation (e.g, MIP-1a and MIP-1b,
RANTES, CXCL9, and CXCL10) (Ren et al., 2008;
Li et al., 2012). These chemokines bind to
receptors present on T cells, i.e., CCR5 and
CXCR3. Polarization to a proinflammatory MSC1
phenotype can also be influenced by activation
of TLR4 by low levels of lipopolysaccharide
(LPS) derived from Gram-negative bacteria.
The levels of immune-suppressive mediators,

such as IDO and NO, are low when the MSC1 phenotype is adopted. The balance between these opposing pathways may serve to promote host
defense on one hand and at the same time create a loop that prevents excessive tissue damage and promotes repair.

Cell Stem Cell 13, October 3, 2013 ª2013 Elsevier Inc. 393

Cell Stem Cell

Review

Bernardo and Fibbe, Cell Stem Cell 2013 

Recruitment of 
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sites of 
inflammation 

in vitro & 
in vivo 

MSCs: SENSORS and SWITCHERS of INFLAMMATION  
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MSCs POLARIZE MONOCYTES M0 INTO M1 & M2  

in vitro & 
in vivo  



I.  Co-infusion of MSCs and HSCs to enhance hematopoietic 
engraftment after allo-HSCT in HAPLO- and CB-HSCT 

II.  Treatment of steroid-resistant acute GvHD 
 
III.  Ex-vivo expansion of CD34+ cells on MSCs for improved 

engraftment 

IV.  Treatment of acute tissue damage after allo-HSCT     
      (case reports in hemorragic cystitis, pneumothorax and    

 pneumomediastinum, peritonitis) 
 
& BEYOND…REGENERATIVE MEDICINE  
repair of bone and cartilage degenerative disorders, Crohn’s disease, kidney and 

liver repair 
 

CLINICAL APPLICATIONS of MSCs IN HSCT (& BEYOND) 



I.  Co-infusion of MSCs and HSCs to enhance hematopoietic 
engraftment after allo-HSCT 

II.  Treatment of steroid-resistant acute GvHD 
 
III.  Ex-vivo expansion of CD34+ cells on MSCs for improved 

engraftment 

IV.  Treatment of acute tissue damage after allo-HSCT     
      (case reports in hemorragic cystitis, pneumothorax and    

 pneumomediastinum, peritonitis) 
 
& BEYOND…REGENERATIVE MEDICINE  
repair of bone and cartilage degenerative disorders, Crohn’s disease, kidney and 

liver repair 
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MSCs	  and	  ENGRAFTMENT	  in	  MICE	  
Co-‐Tx	  of	  human	  fetal	  lung-‐	  and	  BM-‐derived	  MSCs	  enhances	  engraAment	  of	  

human	  UCB	  CD34+	  cells	  in	  NOD/SCID	  mice	  

Noort W. …and Fibbe W.E. Exp. Hematology 2002 and 2003 

3.5 Gy 

NOD/SCID 

Co-Tx:  
UCB CD34+ (0.1 x 10e6) 

+ 
MSC (1 x 10e6)  

non expanded or ex-vivo expanded 

+non exp MSC   +ex-vivo exp MSC 



Transplant years (range)   Dec. 2004 – July 2007      March. 1998- Nov. 2004 

 
Mean age (range) years    8 (1-16)    8 (1-17) 
 
Patient gender      
 Male      14 (70%)    31 (60%) 
 Female        6 (30%)    21 (40%) 
 
Original diseases     
   Haematological malignancies    16 (80%)    40 (77%) 
 
   AML      7 (35%)    12 (30%) 
   MDS       2 (10%)    5 (12.5%) 
   ALL       7 (35%)    23 (34.5%) 
 
 Immune deficiencies     2 (10%)     2 (4%) 
 Other non-malignant disorders    2 (10%)    10 (19%) 
 
Conditioning regimen 
  TBI-based vs. Chemotherapy-based            12:8 (60 vs. 40%)          30:22 (58 vs. 42%) 
 
Donor gender 
  Male : Female     10 : 10    29 ; 23 

    Patients (n = 20)         Controls (n = 52) 
 

Phase I/II trial of Co-infusion of Haploidentical HSCs and 
MSCs in pediatric patients 

Ball L, Bernardo ME,…Locatelli, et al. Blood 2007 



Transplant years (range)     Dec. 2004 – July 2007   March. 1998- Nov. 2004 
 
Graft characteristics 
  
  Number of CD34+ cells infused  
  x 106/kg (median, range)        21.3 (11.2 – 38.6)        23.0 (12.1 – 47.5) 
   
  Number of CD3+ cells infused     
   x 105/kg                0.3 (0.3)            0.5 (0.7) 
 
  Number of MSC 
  x 106/kg (median, range)                      1.6 (1-3.3)                  0 
 
Haematopoietic recovery 
   Days to Leukocyte count> 1,000/mL           11.5 (9-16)       p=0.01          16.5 (14.1-17.9) 
   Days to PMN recovery    12 (10-17)                                       14 (9-28)  
   Days to PLT recovery   11 (9-24)               13 (9-100)   
   Days to reticulocyte recovery          12 (10-31)              23 (9-41) 
 
Post-HSCT complications 
   Graft failure             0 (0%)          p=0.03                 11 (20%) 
   Primary          7 
   Secondary                    4 
 
Acute GvHD  
   Grade I-II             2 (10%)            12 (23%) 
   Grade III-IV              0 (0%)             2 ( 3%) 
 
Chronic GvHD            1 (5%)             6 (12%) 
 

 Patients (n = 20)       Controls (n = 52) 
  

MSC Co-transplantation in Haploidentical SCT 

Ball L, Bernardo ME et al. Blood 2007 



Patients Controls Total 
Number of patients 9 27 36 
Gender: M / F 6 / 3 12 / 15 18 / 18* 
Median age (years, and range) 4 (0.8 – 14) 4 (0.3 – 10) 4 (0.3 – 14) 
Diagnosis: 
    ALL 
    Hemoglobinopathies 
    Other inborn errors 

 
5 
2 
2 

 
(56%) 
(22%) 
(22%) 

 
15 

6 
6 

 
(56%) 
(22%) 
(22%) 

 
20 

8 
8 

 
(56%)* 
(22%) 
(22%) 

Disease status at HSCT: 
             1st CR 
             2nd or 3rd CR 
             Disease present 

 
3 
2 
4 

 
(33%) 
(22%) 
(45%) 

 
3 

12 
12 

 
(12%) 
(44%) 
(44%) 

 
6 

14 
16 

 
(17%)* 
(39%) 
(44%) 

Nucleated cells (x 107/Kg): 
CD34+ cell (x 105/Kg): 

4.4 
2.4 

(1.4 – 13) 
(0.6 - 6.6) 

 3.9 
2 

(2 – 18) 
(0.6 – 6) 

4 
2.2 

(1.4 – 18) 
(0.6 –6.6) 

* Chi-square P = N.S. 

Bernardo ME et al. Bone Marrow Transpl. 2010 

  Phase I/II study of Co-Tx of UMBILICAL CORD 
BLOOD-derived HSCs and MSCs 

Patient characteristics 

MSC (x 106/Kg): 1.9 (1 – 3.3) 
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Neutrophil engraftment (> 0.5 x 109/L): 
•   Patients: 25 days (range, 17 – 42) 
•   Controls: 23 days (range, 8 – 42) 

•   P = N.S. 

Bernardo ME et al. Bone Marrow Transpl. 2010 



Grade II-IV acute graft-versus-host disease 
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Patients: 0% 

Controls: 30% (17 - 53) 

Patients Controls Total 

N. (%) N. (%) N. (%) 

Evaluable 8 25 33 

Grade 

    Absent 7 (88%) 11 (44%) 18 (55%) 

    Grade I 1 (12%) 6 (24%) 7 (21%) 

    Grade II 0 (0%) 3 (12%) 2 (9%) 

    Grade III 0 (0%) 2 (8%) 3 (6%) 

    Grade IV 0 (0%) 3 (12%) 3 (9%) 

Bernardo ME et al. Bone Marrow Transpl. 2010 



I.  MSCs TO PROMOTE ENGRAFTMENT:  
summary of PHASE I-II TRIALS  

Bernardo and Fibbe, Immunol Lett.2015 

Ph. I/II: HAPLO-Tx in 50 pts. with relapsed MALIGNANCIES 
- PMN engraftment: d+12 (9-20) 

- PLT engraftment: d+15 (10-28) 

Grade II-IV aGvHD: 24% 

PFS at 2 yrs: 66% (no increased risk of relapse) 

Wu Y, et al. Ann Hematol 2013  

Auto 
Allo 
Haplo 
 
Haplo 
Haplo 
 
 
Haplo 
3° party 
3° party 



I.  Co-infusion of MSCs and HSCs to enhance hematopoietic 
engraftment after allo-HSCT in HAPLO- and CB-HSCT 

II.  Treatment of steroid-resistant acute GvHD 
 
III.  Ex-vivo expansion of CD34+ cells on MSCs for improved 

engraftment 

IV.  Treatment of acute tissue damage after allo-HSCT     
      (case reports in hemorragic cystitis, pneumothorax and    

 pneumomediastinum, peritonitis) 
 
& BEYOND…REGENERATIVE MEDICINE  
repair of bone and cartilage degenerative disorders, Crohn’s disease (IBD), 

kidney and liver repair, ARDS 
 

CLINICAL APPLICATIONS of MSCs IN HSCT (& BEYOND) 



Seminal case: treatment of severe aGvHD  
with third-party haploidentical MSCs 

 
 

  
 

Le Blanc K, et al. The Lancet 2004 
 

MSCs FOR THE TREATMENT OF STEROID-RESISTANT, SEVERE, 
GRADE II-IV ACUTE GVHD (1) 

 



 MSCs FOR STEROID-RESISTANT, SEVERE, GRADE II-IV ACUTE GVHD: 
largest PHASE II STUDY (2) 

 

EBMT	

Developmental Committee	


Le Blanc K, …Bernardo ME, Locatelli F,  et al. Lancet 2008 

3°-party BM-MSCs 

55 patients, adults+peds, gr. III/IV aGvHD 

Overall response: 39/55 (71%)  
   



PROBABILITY of OS for CHILDREN with CR after MSC 
is SIGNIFICANTLY SUPERIOR to that of CHILDREN 

with PR/NR 

Ball LM, Bernardo ME, et al. Br J Haematol 2013 

MSCs FOR THE TREATMENT OF STEROID-RESISTANT, 
aGVHD in PEDs (3): PHASE II STUDY 

TREND for a LOWER TRM in CHILDREN with 
EARLY MSC as compared with CHILDREN with 

LATE MSC 
 

37 patients (all peds) 



3rd-PARTY BM-MSCS EXPANDED IN PLATELET LYSATE FOR 
CHILDREN WITH STEROID-RESISTANT aGvHD (4) 

 

•  11 PEDs (4-15 yrs.):  
 - 8 aGvHD, 
 - 3 cGvHD 

•  MSC dose: 1.2 x 10e6/Kg 
 (0.7-3.7) 

 
•  Overall Response 71% 

  (CR 24%) 

Lucchini G et al. BBMT 2010 
 

Response correlates with levels of TNF-α and IFN-ɣ 



PLASMA BIOMARKERS AND LEVELS OF iDC CORRELATE WITH 
MORTALITY AFTER MSC INFUSION 

markers tested in univariate analysis is available in Supplementary
Table 2; list of levels of (bio)markers tested is available in
Supplementary Table 4). Although several factors were predictors
in univariate analysis, only the panel of biomarkers proposed by
Levine et al.24 in 2012 (IL2Rα, TNF receptor 1, hepatocyte growth
factor, IL-8, elafin and regenerating islet-derived protein 3α) was
predictive of 1-year OS when tested at time point 0 in both
univariate (P= 0.005) and multivariate Cox regression analysis
(hazard ratio (HR) 2.924, confidence interval (CI) 1.485–5.758)
together with age (HR 1.032, CI 1.005–1.059; Cox regression
analysis performed forward stepwise, P= 0.05; Table 3). Surpris-
ingly, significance was not achieved (either univariate or multi-
variate) when testing the biomarker panel of Levine for influence
on CR-28 or CR-B, while the original publication shows strong
significance for nonresponse at day 28 after initiation of GVHD
therapy. This could be due to the strong fluctuation in clinical
responses seen early after MSC infusion in combination with the
relatively low number of only 12 patients, in comparison to the
original patient cohorts in which these biomarkers were
identified,24,25,32–34 reaching CR-28.

ST2 has been reported as a strong predictive marker for
nonresponse to GVHD therapy at day 28 when measured at initiation
and 14 days after initiation of therapy.25 In our cohort, ST2 was not
predictive for therapy resistance before infusion of MSCs. However,
2 weeks after the first infusion of MSCs, a high amount of soluble
factor ST2 correlated with an increased risk of death (HR 2.389, CI
1.144–4.989; Table 3), as reported,25 but again no other soluble
factors. Significance was in the multivariate analysis not achieved
when assessing influence of ST2 on resolution of GVHD (both CR-28
and CR-B), again most likely due to the fluctuating clinical responses
in combination with our relatively low number of patients.

Cellular changes after infusion of MSCs
MSCs have been suggested to act via regulatory cellular35–39

subsets. Therefore, a comprehensive panel of cellular subsets as
indicated in 'Patients and methods’ was measured before and at
predetermined time points after first MSC infusion. The most
compelling observation was made for myeloid DCs (mDCs) in the
peripheral blood, specifically the immature population. Before
MSC treatment, mDCs were decreased as reported40 when
compared to time-matched no-GVHD controls (n= 5) in both
CR-B and non-CR-B patients (Figure 3). After infusion of MSCs
a swift increase in several DC subpopulations was observed, which
was not only significant already after 2 weeks but also at later time
points (Figure 3). We did not find significant differences in Treg
numbers either between CR-B and non-CR-B patients or with time-
matched no-GVHD controls as was reported in a smaller cohort.41

Several groups have related the immature state of DCs to the
induction of a tolerogenic response of T cells.42,43 Therefore, the
expression of CD80 and CD86 as indicators of the maturation level
of these cells was assessed on mDC1.44 Both mature and
immature mDC1 of CR-B patients were increased; however, the
majority of the cells were immature (Figure 3) as reported also for
mDC1 from healthy donors. Because total mDC1 numbers and
measured subsets (mature and immature) are highly correlated,
only the immature mDC1 subset was entered in the multivariate
Cox regression model. In the multivariate Cox regression analysis
an increase in immature mDC1 numbers was the only cellular
factor among all others that correlated with a decreased risk of
death (HR 0.554, CI 0.389–0.790; Table 3).
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Figure 2. (a) One-year Kaplan–Meier estimate of overall survival for the entire patient cohort. (b) One-year Kaplan–Meier estimate of overall
survival according to resolution of GVHD symptoms at day 28 (CR-28) after the first MSC infusion. Survival was superior in the CR-28 patients
(75%) compared to non-CR-28 patients (33%, log-rank test; P= 0.020). (c) One-year Kaplan–Meier estimate of overall survival according to best
response complete resolution of GVHD symptoms (CR-B) after the first MSC infusion. Survival was superior in the CR-B patients (79%)
compared to non-CR-B patients (8%, log-rank test; Po0.001).

Table 3. Biomarkers that associate with 1-year mortality

Outcome 1-year mortality

Variable HR CI P-value

Day 0 Age 1.032 1.005–1.059 0.02
Levine biomarker formula 2.924 1.485–5.758 0.002

Day 14 Immature mDC1 at day 14 0.554 0.389–0.790 0.001
ST2 at day 14 2.389 1.144–4.989 0.02

Abbreviations: CI, confidence interval; HR, hazard ratio; mDC1, immature
myeloid dendritic cell 1; ST2, suppression of tumorigenicity 2. Outcome
multivariate Cox proportional hazards models on the outcome parameter
mortality 1 year after inclusion. All variables that in the univariate analyses
(Supplementary Table 2) had a probability level o20% (P-value o0.2)
were entered in the multivariate model (method, forward stepwise:
PIN= 0.05, POUT= 0.10). Analyses at day 0 include only univariately tested
variables that were known at time point 0. Analyses at day 14 include all
univariately tested variables with P-values o0.2.

Immunological profile altered after MSCs for aGVHD
LCJ te Boome et al
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Although the phenotype of mDC1 from successfully treated
patients resembled the phenotype from healthy donors
(Supplementary Figure 3), function might be altered in mDC1
from CR-B patients through direct contact with MSCs.45 To assess
proinflammatory or tolerogenic status of mDC1, mDC1 and
monocytes, as control for an antigen-presenting cell of different
origin from two CR-B patients and two healthy donors were
sorted, stimulated overnight with LPS, and TNFα and IL-10
secretion measured by multiplex immunoassays. Selectively, TNFα
but not IL-10 was detected in mDC1 and monocytes from healthy
donors and patients; and the ratio of TNFα secretion was
calculated from healthy donors as compared to the patients in
each cell fraction. Although the capacity to produce TNFα in
monocytes was equivalent in CR-B patients when compared to

healthy donors as indicated by a ratio close to 1 (1.2–1.6),
a marked decrease in the ability to produce TNFα in mDC1 was
observed in CR-B patients as reflected by a higher ratio (3.1–115.8;
Supplementary Figure 4). These data suggest a reduced proin-
flammatory profile of mDC1 but not monocytes in CR-B patients.

MSC treatment does not impair general lymphocyte functionality
or responses against viral and tumor-associated antigens
T cells have been described to be functionally impaired after
incubation with MSCs46,47 and the increase in mDC1 in our cohort
suggested that functional T cells might get additionally tolerized
after infusion of MSCs via an alternative mechanism. Therefore,
the overall proliferation rate of T cells in patients after allo-HSCT
was assessed before and after application of MSCs in a mixed
lymphocyte reaction. However, no differences were observed
between all groups (CR-B versus non-CR-B versus No-GVHD
controls, data not shown) suggesting that the general proliferation
capacity is not impaired in our cohort.
Next, we assessed intracellular cytokine profiles (IL-4, IL-10, IL-17

and IFNγ) in patients with abundant material (n= 20) in CD4+ and
CD8+ T-cell subsets before and 4 and 8 weeks after infusion of
MSCs after stimulation with LPS. However, no general skewing in
Th type 1, Th type 2 or Th type 17 responses was observed in CR-B
when compared to non-CR-B patients.
To assess whether reactivity of T cells against individual minor

histocompatibility antigens, viral antigens or tumor-associated
antigens is selectively impaired after infusion of MSCs, lympho-
cytes before and 2 months after MSC infusion, time points at
which no significant differences in levels of immunosuppression
could be observed, were cultured with selected antigens
potentially presented within the context of the individual HLA
machinery of each patient. One week later, the production of IFNγ
was measured by means of ELISpot. Because of HLA and minor
histocompatibility antigen restrictions not all patient samples
could be tested.
No decrease in the number of reactive cytotoxic T cells was

detected in the CR-B or non-CR-B patients in regard to the
reactivity to viral antigens. Seven of 12 patients tested had
cytomegalovirus (CMV) reactivations at the time of sampling, a
significant enhancement of the reactivity to CMV was observed in
CR-B patients after MSC treatment reflecting adequate CMV
responsiveness despite severe immunosuppression (Figure 4).
Similarly, activation capacity upon stimulation with different
tumor antigens (that is, human telomerase reverse transcriptase,
Wilms tumor-1, preferentially expressed antigen in melanoma,
proteinase 3 and mucin 1) was not impaired in the two groups
(Figure 4). No T-cell responses against minor histocompatibility
antigens were detected at any time point in GVHD patients (data
not shown, list of all peptides is available in Supplementary Table 1).
In conclusion, our data suggest that achievement of CR-B
following MSC administration can improve the response to CMV,
while anti-leukemia reactivity is not impaired over time.

DISCUSSION
Steroid-refractory aGVHD is still the main contributor to allo-HSCT-
related mortality and currently there is no standard second-line
treatment for these patients. We tested the clinical efficacy of
platelet lysate cultured MSCs and found this treatment to be
effective in 50% of patients. Reaching either a complete resolution
of GVHD symptoms at day 28 or a complete resolution of
symptoms as best response is strongly correlated with an
improved 1-year OS compared to non-CR patients. The response
rate of 50% is comparable to response rates reached by others
with either fetal calf serum cultured MSCs8 or platelet lysate
cultured MSCs.12,14 Also the 6-month OS of the entire patient
cohort of 50% is equal to OS rates of 50% described in the review
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Figure 3. Different subsets of myeloid dendritic cells measured
before the first infusion of MSCs (time point 0) and at 2, 4, 8 and
16 weeks after the first infusion (respectively 44, 44, 36, 32 and 21
samples could be analyzed; the error bars represent the s.e.m.).
Differences between groups were calculated using unpaired sample
T-tests. As a comparison we inserted the dotted line that represents
the mean of measured samples from patients 6 weeks after allo-
HSCT without GVHD as a control group. *Po0.05; **Po0.01. CR-B,
resolution of GVHD in all involved organs (overall grade 0) for at
least 1 consecutive month; GVHD, graft-versus-host disease; mDC1,
myeloid dendritic cell 1; non-CR-B, no resolution of GVHD in all
involved organs for at least 1 consecutive month.

Immunological profile altered after MSCs for aGVHD
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Ph. II study: 48 patients 

-  Ferrara biomarker panel levels were predictive for 
mortality when measured before MSC treatment  

-  Increase in immature myeloid DC early after MSC 
treatment associated with decreased mortality  



MSCs TO TREAT ACUTE GVHD: summary of CLINICALTRIALS  

Bernardo and Fibbe, Immunol Lett.2015 

OSIRIS: company-driven RANDOMIZED trial of MSCs for steroid-resistant aGvHD 

•  2:1 randomization, 163 patients received 8 infusions of 3rd-party BM-MSCs and 81 were given 
placebo.  

 
•  Infusional toxicity, infection rates, and incidence of recurrent malignancy were similar in the two 

arms.  

•  No difference was observed in achieving the primary end-point of a durable complete 
response for 28 days (35 vs. 30%), although there was a trend in favor of MSCs for patients 
with VISCERAL INVOLVEMENT. 
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23 pts with mainly extensive cGvHD: 20/23 CR or PR 
Response to MSC is associated with an increase in 

CD5+ regulatory B cells producing IL-10  

the increase in the CD8+ T-cell number (Supplementary Figure S3),
but significant changes in the B cells were observed.
Compared with the pre-treatment, although the post-treatment

CR/PR cGVHD patients exhibited a decrease in B-cell frequency
(Figure 1a), the frequency of CD5+ B cells within the B-cell
population was markedly increased (Figure 1b). However, the
frequencies of CD5+ B cells in both pre- and post-treatment CR/PR
cGVHD patients were significantly lower than that of the non-
GVHD patients (Figure 1b), and the frequency of CD5– B cells was
significantly higher than that of the non-GVHD patients
(Figure 1c).
After the MSCs treatment, the absolute number of CD5+ B cell

in cGVHD patients was also increased but was still lower than that
of the non-GVHD patients (Supplementary Figure S4). Taken
together, the clinical improvement was accompanied by an
increase in CD5+ B cells in the CR/PR cGVHD patients.

Higher frequency of CD5+IL-10+ B cells in CR/PR cGVHD patients
after MSCs treatment
A detailed analysis of the CD5+ B cells was conducted in cGVHD
patients who received the MSCs treatment. As shown for a
representative patient in Figure 2, the frequency of IL-10-
producing CD5+ B cells (CD5+IL-10+ B cells) among the CD19+
B cells was significantly increased in the post-treatment CR/PR
cGVHD patients (Figure 2b), whereas no change was observed in
the NR patients (Supplementary Figure S5).
We further analyzed the correlation between the frequency of

CD5+IL-10+ B cells and the average NIH score of the cGVHD
patients. As shown in Figure 2c, the frequency of CD5+IL-10+ B
cells was inversely correlated with the average NIH score of the
CR/PR cGVHD patients (r= –0.66, Po0.01), but there was no
evident relationship in the NR cGVHD patients (Supplementary
Figure S5C). We also observed that the NIH scores of each organ
were inversely correlated with the frequency of CD5+IL-10+ B cells
in the CR/PR cGVHD patients (Supplementary Figure S6A). As a
result of the small number of NR patients (n= 3), the correlation
between the frequency of CD5+ IL-10+ B cells and the NIH scores
in the NR cGVHD patients could not be analyzed (Supplementary
Figure S6B). These results suggested that CD5+IL-10+ B cells
reduce the NIH scores of the CR/PR cGVHD patients and that the
MSCs may exert their curative effect by enhancing the frequency
of CD5+IL-10+ B cells.
To further investigate the effects of the MSCs treatment on IL-10

production in CD5+ B cells, isolated CD5+ B cells from pre- and
post-treatment cGVHD patients were cultured for 72 h, and the
concentration of IL-10 in the supernatant was measured by ELISA.
As shown in Supplementary Figure S7, the MSCs treatment

significantly increased IL-10 expression in CD5+ B cells, and
these results were further confirmed by quantitative reverse
transcription -PCR analysis (Figure 2d). After the MSCs treatment,
the plasma IL-10 level in the cGVHD patients was also significantly
higher than that in the pre-treatment cGVHD patients (Figure 2e).
We then characterized the surface phenotypes of CD5+ B cells

from cGVHD patients with the expression levels of a panel of
markers, including CD19, CD5, CD1d, CD11b, CD23, CD24, CD25,
CD27, CD38, CD80, CD86 and CD127. These markers have been
used to identify regulatory B cells (Bregs) in previous studies.31–33

The results showed that MSCs treatment increased the frequency
of CD86+CD5+ B cells (Po0.01; Supplementary Figure S8), and
upregulated the CD86 mean fluorescence intensity (Po0.05;
Supplementary Figure S9), but no obvious differences were
observed for other molecules on the CD5+ B cells when post-
treatment GVHD patients were compared with pre-treatment
patients or non-GVHD patients (Supplementary Figure S8). CD86 is
an activation marker for B cells, and Breg cells express high levels
of CD86.34,35

CD5+ B cells are potent regulators of T-cell responses
To determine whether CD5+ B cells have immunosuppressive
effects on T cells in vitro, we next explored the effects of CD5+ B
cells on CD3+ T-cell proliferation and inflammatory cytokine
production in both healthy donors and cGVHD patients.
Using a CD5+ B cell/CD3+ T-cell co-culture system, the

inhibitory function of CD5+ B cells was obvious at B:T ratios of
1:1 and 1:2 (Supplementary Figure S10). Therefore, we co-cultured
CD5+ B cells/CD3+ T cells and CD5– B cells/CD3+ T cells from
healthy donors at a 1:2 ratio and found that the addition of resting
CD5+ B cells did not decrease the percentage of TNF-α-producing
T cells (CD3+TNF-α+ T cells) within the total T-cell pool (Figure 3a).
CD5+ B cells were only able to significantly reduce the percentage
of CD3+TNF-α+ T cells after activation with LPS, and this inhibitory
effect was abolished by the addition of anti-IL-10 neutralizing
monoclonal antibody (Figure 3a). However, neither activated CD5– B
cells nor resting CD5– B cells from healthy donors could affect the
TNF-α production in CD3+ T cells (Supplementary Figure S11A).
We then observed the effects of CD5+ B cells and CD5– B cells

on the function of CD3+ T cells from cGVHD patients. As shown in
Figure 3b, the presence of resting CD5+ B cells obviously
decreased the number of CD3+TNF-α+ T cells, and this effect
was partially reversed by the addition of anti-IL-10 neutralizing
monoclonal antibody (Figure 3b). However, CD5+ B cells from
cGVHD patients activated by LPS lost their inhibitory effects on
TNF-α production by CD3+ T cells (Figure 3b). Similarly, neither
activated CD5– B cells nor resting CD5– B cells from cGVHD

Figure 1. The increased frequency of CD5+ B cells in the cGVHD patients after MSCs treatment. The frequencies of CD19+ B cells (a), CD5+ B
cells (b) and CD5– B cells (c) in the cGVHD patients were detected before and after MSCs treatment (n= 20) and were compared with those in
the non-GVHD patients (n= 11). The symbols represent individual samples, the horizontal bars represent the mean, and the error bars show
the s.e.m. Significant differences are indicated as follows: *Po0.05 and **Po0.01.
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patients could regulate the TNF-α production in CD3+ T cells
(Supplementary Figure S11B).
To further determine whether IL-10 was involved in the

regulatory effect of CD5+ B cells, the production of IL-10 by
CD5+ B cells was detected by ELISA and ELISPOT. After LPS
stimulation, an obvious increase in IL-10 production in CD5+
B cells from healthy donors was detected, whereas significantly

decreased IL-10 production in CD5+ B cells from cGVHD patients
was observed (Supplementary Figure S12).
Next, we explored the effect of CD5+ or CD5– B cells on T-cell

proliferation and found that the proliferation of CD3+ T cells from
healthy donors or cGVHD patients was not inhibited by either
CD5+ B cells (Figures 3c and d) or CD5– B cells (Supplementary
Figures S11C and D).

Figure 2. Increased CD5+IL10+ B-cell frequency and IL-10 level in the cGVHD patients after MSCs treatment. The flow cytometry plots
represent the frequency of CD5+IL-10+ B cells in CR/PR cGVHD patients before and after MSCs treatment (a). CR/PR cGVHD patients (n= 20)
had significantly higher frequencies of CD5+IL-10+ B cells after MSCs treatment than before MSCs treatment (b). The correlation of the
frequency of CD5+IL-10+ B cells in CR/PR cGVHD patients (n= 20) and the average NIH score is shown, r= –0.66, Po0.01 (c). CD5+ B cells
from pre- and post-treatment cGVHD patients (n= 20) were purified; a significant increase in IL-10 expression was observed after MSCs
treatment by quantitative reverse transcription PCR (d). The concentration of IL-10 in the plasma was measured by ELISA; post-treatment
cGVHD patients possessed significantly higher plasma IL-10 levels than pre-treatment patients (e). The data are the mean± s.e.m., *Po0.05
and **Po0.01.
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patients could regulate the TNF-α production in CD3+ T cells
(Supplementary Figure S11B).
To further determine whether IL-10 was involved in the

regulatory effect of CD5+ B cells, the production of IL-10 by
CD5+ B cells was detected by ELISA and ELISPOT. After LPS
stimulation, an obvious increase in IL-10 production in CD5+
B cells from healthy donors was detected, whereas significantly

decreased IL-10 production in CD5+ B cells from cGVHD patients
was observed (Supplementary Figure S12).
Next, we explored the effect of CD5+ or CD5– B cells on T-cell

proliferation and found that the proliferation of CD3+ T cells from
healthy donors or cGVHD patients was not inhibited by either
CD5+ B cells (Figures 3c and d) or CD5– B cells (Supplementary
Figures S11C and D).

Figure 2. Increased CD5+IL10+ B-cell frequency and IL-10 level in the cGVHD patients after MSCs treatment. The flow cytometry plots
represent the frequency of CD5+IL-10+ B cells in CR/PR cGVHD patients before and after MSCs treatment (a). CR/PR cGVHD patients (n= 20)
had significantly higher frequencies of CD5+IL-10+ B cells after MSCs treatment than before MSCs treatment (b). The correlation of the
frequency of CD5+IL-10+ B cells in CR/PR cGVHD patients (n= 20) and the average NIH score is shown, r= –0.66, Po0.01 (c). CD5+ B cells
from pre- and post-treatment cGVHD patients (n= 20) were purified; a significant increase in IL-10 expression was observed after MSCs
treatment by quantitative reverse transcription PCR (d). The concentration of IL-10 in the plasma was measured by ELISA; post-treatment
cGVHD patients possessed significantly higher plasma IL-10 levels than pre-treatment patients (e). The data are the mean± s.e.m., *Po0.05
and **Po0.01.
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MSCs FOR THE TREATMENT OF CHRONIC GVHD 

MATERIALS AND METHODS
Study design
Commencing in June 2009, a total of 23 refractory cGVHD patients were
enrolled in this study. Eligible patients had classic cGVHD symptoms
without the features of either aGVHD or an overlapping syndrome, defined
by the presence of at least one diagnostic or distinctive manifestation of
cGVHD confirmed by pertinent biopsy according to the National Institutes
of Health consensus criteria.27 Refractory cGVHD was defined as disease in
patients who were resistant or refractory to therapy with corticosteroids
(equivalent of prednisone ⩾ 0.5 mg/kg per day or 1 mg/kg every other day)
for 30 days at any time within the previous 12 months and who were on
stable doses of other immunosuppressive medications (for example,
calcineurin inhibitors with or without mycophenolate mofetil).28 The
clinical characteristics of all patients are summarized in Table 1.
All enrolled patients received three infusions of MSCs derived from third-

party healthy donors in addition to the original immunosuppressive
therapy (the isolation and characterization of the MSCs are described in
the Supplementary Information, Supplementary Figures S1 and S2). The
dose of MSCs was 1× 106 cells/kg per infusion; three doses were given at
4-week intervals. Follow-up was conducted monthly for the first trimester
and every 3 months thereafter until 12 months.
The NIH consensus criteria and cGVHD score29 were used for the cGVHD

diagnosis, organ scoring and global assessment of the cGVHD status
before the MSCs treatment and at each follow-up visit, as described in the
Supplementary Information.
This prospective pilot study was performed in accordance with the

tenets of the modified Helsinki Declaration, and the protocol was approved
by the relevant Ethics Review Board before initiation. All recipients and/or
guardians and all donors provided written informed consent.

Processing of peripheral blood cells and plasma
Heparinized peripheral blood was obtained from non-GVHD patients and
from patients with cGVHD before MSCs treatment and 3 and 12 months
after the first MSCs infusion. Plasma was separated from whole-blood cells
by centrifugation, and peripheral blood mononuclear cells were isolated by
centrifugation using Ficoll-Paque PLUS (GE Healthcare Bio-Sciences AB,
GE Healthcare, Uppsala, Sweden) and stored in aliquots in liquid nitrogen.

Quantitative reverse transcription-PCR analyses
Using a commercial kit (Roche, New York, NY, USA), total RNA was
extracted from CD5+ B cells in cGVHD patients both before and after the
MSCs treatment. Reverse transcription was performed using the Quantitect
Reverse Transcription kit (Qiagen, Boston, MA, USA), according to the
manufacturer’s protocol, followed by qPCR using the DyNAmo ColorFlash
SYBR Green qPCR kit (Thermo Fisher Scientific, Waltham, MA, USA) and the
LightCycler 480 Detection System (Roche). The samples were transferred to
the thermal cycler, and DNA was amplified using the following
thermocycling conditions: 40 cycles of denaturation at 95 °C for 10 s,
annealing at 60 °C for 10 s and extension at 72 °C for 30 s. Glyceraldehyde
3-phosphate dehydrogenase served as an internal control.
The primers used for IL-10 were as follows: forward 5′-CGAGA

TCTCCGAGATGCC-3′ and reverse 5′-AGTTCACATGCGCCTTGA-3′.

Enzyme-linked immunosorbent assay (ELISA)
Plasma IL-10 level in the cGVHD patients and cell supernatant IL-10 levels
were measured before and after MSCs treatment using a commercially
available ELISA system, according to the manufacturer’s recommended
procedures (R&D Systems, Minneapolis, MN, USA).

Flow cytometric analysis and cell sorting
The flow cytometric analysis of cell phenotypes and cell sorting were
performed according to routine laboratory methods, as described in the
Supplementary Information.

Intracellular cytokine staining
Sorted CD19+ B cells from healthy donors and cGVHD patients were
resuspended in RPMI-1640 medium. After 5 h of stimulation with Brefeldin A
(BFA, 10 μg/ml; Sigma, St Louis, MO, USA), phorbol-12-myristate-13-acetate
(PMA, 50 ng/ml; Sigma) and ionomycin (1 μg/ml; Sigma), the cells were fixed,
permeabilized and stained for cell surface CD3, CD19 and CD5 and
cytoplasmic IL-10 according to the manufacturer’s instructions. The stained
cells were then analyzed by flow cytometry.
Sorted CD5+CD19+ B cells from healthy donors or cGVHD patients were

cultured in duplicate wells with or without lipopolysaccharide (LPS;
10 μg/ml) for 24 h. Purified CD3+ T cells were divided into three groups
and cultured in 96-well plates. One group was cultured alone, another
group was cultured with inactivated B cells (at a ratio of 2:1) and the last
group was cultured with LPS-activated B cells (at a ratio of 2:1). CD3+
T cells were stimulated with an anti-CD3 monoclonal antibody (0.2 μg/ml,
BD Biosciences Pharmingen, Franklin Lakes, NJ, USA) for 48 h, and Brefeldin
A (10 μg/ml; Sigma), phorbol-12-myristate-13-acetate (50 ng/ml; Sigma)
and ionomycin (1 μg/ml; Sigma) were added 5 h before the end of the
culture period. The cells were stained to detect cell surface CD19 and CD3
and cytoplasmic tumor necrosis factor (TNF)-α and then analyzed by flow
cytometry. In the blocking experiments, the cultures were treated with
additional 10 μg/ml anti-IL-10 monoclonal antibody (R&D Systems).

Proliferation assay and survival assay
Proliferation assay and survival assay were used to explore the effect of
MSCs on CD5+ B cells, as described in the Supplementary Information.

IDO activity
Indoleamine 2, 3-dioxygenase (IDO) activity was evaluated by measuring
the kynurenine and tryptophan levels using high-performance liquid
chromatography, as described in the Supplementary Information.

Statistical analysis
The data obtained before and after the treatment of cGVHD patients with
MSCs were compared using the Wilcoxon signed-rank test, and data from

Table 1. Clinical characteristics of cGVHD patients

cGVHD
(N= 23)

Non-GVHD
(N= 11)

P-value

Median age, year (range) 31 (14–51) 34 (15–49) 0.83

Sex (%) 0.72
Females 5 (21.7) 3 (27.3)
Male 18 (78.3) 8 (72.7)

Median time post-HSCT,
month (range)

12.5 (6–56) 11 (5.5–44) 0.54

Source of graft (%) 0.70
Peripheral blood 20 (87.0) 9 (81.8)
Bone marrow 3 (13.0) 2 (18.2)

Transplant type (%) 40.99
Myeloablative 22 (95.7) 10 (90.9)
Nonmyeloablative 1 (4.3) 1 (9.1)

HLA matching (%) 40.99
Matched, unrelated 2 (8.7) 1 (9.1)
Matched, related 19 (82.6) 9 (81.8)
Mismatched 2 (8.7) 1 (9.1)

Prophylaxis (%) —
CsA 3 (13.0) —
CsA+prednisolon 18 (78.3) —
CsA+prednisolon
+MM

2 (8.7) —

Disease (%) 0.97
AML 8 (34.8) 6 (54.4)
ALL 4 (17.4) 2 (18.2)
CML 6 (26.1) 3 (27.3)
NHL 1 (4.3) 0 (0)
Other 4 (17.4) 1 (9.1)

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute monocytic
leukemia; CML, chronic monocytic leukemia; CsA, cyclosporin A; cGVHD,
chronic graft-versus-host disease; HLA, human leukocyte antigen; HSCT,
hematopoietic stem cell transplantation; MM, mycophenolate mofetil;
NHL, non-Hodgkin lymphoma.
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I.  Co-infusion of MSCs and HSCs to enhance hematopoietic 
engraftment after allo-HSCT in HAPLO- and CB-HSCT 

II.  Treatment of steroid-resistant acute GvHD 
 
III.  Ex-vivo expansion of CD34+ cells on MSCs for improved 

engraftment 

IV.  Treatment of acute tissue damage after allo-HSCT     
      (case reports in hemorragic cystitis, pneumothorax and    

 pneumomediastinum, peritonitis) 
 
& BEYOND…REGENERATIVE MEDICINE  
repair of bone and cartilage degenerative disorders, Crohn’s disease, kidney and 

liver repair 
 

CLINICAL APPLICATIONS of MSCs IN HSCT (& BEYOND) 



III.  EX-VIVO EXPANSION of CB-CD34+ CELLs and IMPROVED ENGRAFTMENT 

De Lima, et al. New England J Medicine 2012 

DOUBLE CBT: 1 expanded, 1 unmanipulated 
Median NC/Kg= 8.34 x 107 

Median CD34+/Kg= 1.81 x 106 

3rd-party BM-MSCs 



I.  Co-infusion of MSCs and HSCs to enhance hematopoietic 
engraftment after allo-HSCT in HAPLO- and CB-HSCT 

II.  Treatment of steroid-resistant acute GvHD 
 
III.  Ex-vivo expansion of CD34+ cells on MSCs for improved 

engraftment 

IV.  Treatment of acute tissue damage after allo-HSCT     
      (case reports in hemorragic cystitis, pneumothorax and    

 pneumomediastinum, peritonitis) 
 
& BEYOND…REGENERATIVE MEDICINE  
repair of bONE and CARTILAGE degenerative disorders, Crohn’s disease (IBD), 

kidney and liver repair, ARDS 
 

CLINICAL APPLICATIONS of MSCs IN HSCT (& BEYOND) 



Yin et al. Page 14

Stem Cells. Author manuscript; available in PMC 2015 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Figure 2.
Responses to bone marrow mesenchymal stromal cell (BMSC) therapy. The dosages of
tacrolimus and sirolimus were adjusted to a target level 10–15 ng/mL. The dose of

Yin et al. Page 15

Stem Cells. Author manuscript; available in PMC 2015 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Figure 1.
Bone marrow mesenchymal stromal cells (BMSC) treatment plan.
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IV.  MSC TO TREAT TISSUE DAMAGE IN ALLOGENEIC HSCT RECIPIENTS  

Ringden et al. Leukemia 2007     Yin et al. Stem Cells 2014  

MSC possess anti-inflammatory 
properties which can be employed 
to heal therapy-induced tissue 
toxicity after allo-HSCT: 
 

-  Hemorrhagic cystitis 
-  Pneumomediastinum 
-  Perforated colon with perotonitis 



CONCLUSIONS FROM MSC TRIALS TO IMPROVE  
OUTCOME IN ALLO-HSCT 

ü  Infusion of MSCs appeared to be safe and no major toxicities were observed. 

ü  3rd-party BM-MSCs may provide an effective therapy for patients with 
severe aGvHD who do not respond to treatment with corticosteroids (Phase 
III ongoing). The earlier the better 

ü  Randomized clinical trials are needed to define the role of MSCs in steroid-
resistant GvHD and to identify pts. that will benefit most from the treatment 

 
ü  MSC may be employed to expand HSC and to repair tissue damage after 

allo-HSCT 
 
ü  Current MSC in vitro assays are not predictive of the efficacy in vivo. Need 

for identification of potency assays in vitro able to predict outcome in 
patients 

ü  Need for harmonization in MSC manifacturing across Europe: 
     

 



EMBT survey on MSC 
manufacturing 

Working towards harmonisation 
On behalf of CTIWP 

Trento C, Bernardo ME, Bonini C, Dazzi F 



Participants to the survey: N. 17 EBMT centers 
•  Germany  
•  Israel 
•  Italy 
•  Netherlands 
•  Belgium 
•  Austria 
•  United Kingdom 
•  Lithuania 
•  Sweden 

Considered variables:  
-  MSC source,  
-  MSC donor matching,  
-  medium additives for ex-vivo expansion,  
-  data on MSC product specification for clinical release  
 



Manufacture of MSCs 

Trento C, Bernardo ME, et al. Submitted 

mainly BM, mainly ALLOGENEIC/THIRD PARTY, mailny FROZEN 



Media used for manufacture 
mainly PLATELET LYSATE 

Trento C, Bernardo ME, et al. Submitted 



Product specification 

67%	  

33%	  

Karyotype	  

No	  karyotyping	  

27%	  

73%	  

Potency	  assay	  

No	  potency	  

Only	  sterility	  
and	  

mycoplasma	  
27%	  

Sterility,	  
Mycoplasma	  
and	  endotoxin	  

73%	  

20%	  

13%	  

67%	  

Tri-‐lineage	  differen>a>on	  
assay	  

Differen>a>on	  into	  
Adipocytes	  and	  osteoblasts	  

No	  differen>a>on	  assay	  

Variability in release criteria for clinical use 
 Only 27% performs POTENCY ASSAY 

Trento C, Bernardo ME, et al. Submitted 



CONCLUSIONS FROM THE EBMT SURVEY ON MSC 

ü  Very few centers have developed a potency assay that could predict 
patient’s outcome 

ü  Data collected highlight the high variability in MSC manufacturing as 
clinical product and the need for harmonization.  

ü  Until more meaningful potency assays become available, a more 
homogenous approach to cell production may at least reduce variability 
in clinical trials and improve interpretation of results. 

 



FUTURE: MSC to optimize the outcome of HSC-GENE THERAPY 
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•  MSC support of gene-edited (GE) HSPC in 2D co-culture 
MSC significantly increase the number of primitive GE-HSPC, identified as  
Lin- CD34high, CD90+ and CD45RA-  
 

In collaboration with L. Naldini. Confidential 

•  In vivo ossicle 3D model with humanized niche to support engraftment 
of GE-HSPC  

- humanized BM niche present at 5 weeks after 
the implantation of scaffolds pre-seeded with 
huMSC and EC into non-irradiated NSG mice  
 
- huCD45+ cells were detected in PB already at 
6 weeks after HSCT 
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PLASMA BIOMARKERS FOR aGVHD RESPONSE  
AFTER MSC THERAPY 

Dander E et al., Leukemia 2012 
 

TNFRI, IL2Ralpha and ELAFIN can be employed as biomarkers for 
monitoring patients’ response to MSC therapy 



 
In REGENERATIVE MEDICINE: 
 

• repair of BONE and CARTILAGE degenerative disorders 

• IBD (Crohn’s disease) 

• Kidney and liver repair 

• Hemophagocytic Lymphohistiocytosis 

• Acute Respiratory Distress 
 

CLINICAL APPLICATIONS of MSCs as  
ANTI-INFLAMMATORY AGENTS in REGENERATIVE MEDICINE 

 



mycophenolatemofetil, cyclophosphamide,methotrexate, CD25
monoclonal antibody, or human antithymocyte globulin.

Endpoints were defined as complete response (CR), par-
tial response (PR), mixed response (MR), overall response
(OR = CR + PR + MR), overall mortality rate, overall sur-
vival (OS), disease-free survival, transplantation-relatedmor-
tality, and GvHD-related mortality. The CR and PR were
defined as the complete or partial resolution of all acuteGvHD
symptoms at median time of follow-up. Overall survival was
reported in all but 1 study,19 as was transplantation-related
mortality.23 Von Bonin et al21 provided the most detailed in-
formation, including overall mortality rate at 31 days, OS at
8.6 months, GvHD-related mortality and OR, and CR + PR
at 28 days after MSC treatment.

Clinical Response to MSC Treatment
Complete response rates differed between patient groups

(Table 2). The 2 studies with the smallest number of patients
included (less than 10) showed complete response rates of
75% and 83%.17,18 Other groups demonstrated more mod-
est effects with complete response rates ranging between
8%21 and 61%.16 Clinical responses to MSC treatment de-
termined to a large extent the survival rates. The groups with
the highest complete response rates also reported the best
overall survival rates (Figure 2A), up to 66% at 40 months
after MSC treatment.17,18 In one of these studies, all non–
MSC-treated steroid-refractory acute GvHD patients (n = 16)
had died 1.5 years after MSC treatment, whereas 70% of
MSC-treated patients (n = 8) were still alive at that time.17

Other groups reported lower overall survival, with 2- to

3-year survival rates varying up to 53%.20 Response to
MSC treatment was not the only determinant of overall sur-
vival; up to 17% of patients died because of relapsed malig-
nancy in these studies, a proportion that is not higher than
expected based on historical data.

Interestingly, the majority of patients under study showed
at least a partial response (Table 2). Partial responses toMSC
treatment did however not significantly improve survival
(Figure 2B).When the survival rate was calculated for patients
with a partial response to MSC treatment, it was demon-
strated that all of these patients died in the ensuing years, in
sharp contrast to the complete responders in the same studies
of whom up to 67%22 was alive 2 to 3 years after MSC treat-
ment. In 2 studies overall survival of MSC-treated patients
was compared to overall survival of steroid-refractory GvHD
patients that did not receiveMSC therapy. Overall survival for
non–MSC-treated patients was 017 to 26%.16

Factors Affecting Clinical Responses
When stratifying endpoints according to GvHD grade at

start of MSC treatment, Introna and colleagues showed that
the complete response rate at 28 days afterMSC treatment in
grade III-IV acute GvHD patients was significantly lower
than in grade II acute GvHD patients (11% and 62%, respec-
tively).24 Other studies found a similar correlation between
GvHD severity at initiation of MSC therapy and response
rates,16,19 but this could not be confirmed by all.20,23 Interest-
ingly, responsiveness to MSC treatment may be organ spe-
cific. The groups of Introna and Resnick did find better
responses for acute GvHDof the skin and the gastrointestinal
system and less favorable outcomes for patients with acute
GvHD of the liver,19,24 an observation that could not be con-
firmed by others.16,20 In addition, single-organ involvement
was associated with a better clinical response compared to
multiorgan involvement.16,24 In 1 study, a trend toward a
better overall response was observed when MSC treatment
was initiated within 30 days after acute GvHD onset,24 but
a firm correlation between patient's outcome and median
time from acute GvHD onset to treatment with MSCs could
not be demonstrated.19 To what extent age affects the out-
come remains to be established. In 2 studies better survival
was noted for children compared with adults with acute
steroid-refractory GvHD19,20; in the latter study, age was
even in a multivariate analysis model predictive for outcome.
In another study, children tended to have a better outcome
but this was related to confounding factors such as the rela-
tively high number of children with grade II acute GvHD in-
cluded in this study and a shorter time interval betweenMSC
treatment and acute GvHD onset in children compared with
adults.24 Indeed, the overall outcome in this study was not
dependent on age. MSC characteristics such as passage num-
ber or using viably frozen or freshly isolated and cultured
MSCs did not affect survival rates.19

Side Effects
None of the studies reported side effects at the time of

infusion of MSCs or in the first 48 hours after infusion.
Zhao et al16 compared infection rates between MSC recipi-
ents and their control (non-MSC) group and did not find sig-
nificant differences in the incidence of infectious complications.
Other groups investigated the incidence of infections in

FIGURE 2. Correlation between clinical response and survival.
Complete response rates (A) and partial response rates (B) plotted
against overall survival rates for each study. Depicted are nonpara-
metric Spearman rank coefficient r (A: r = 0.92; P < 0.01; B: r = 0.20;
P = 0.72) and 95% confidence intervals.
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ability to differentiate into osteoblasts, adipocytes, and
chrondroblasts in vitro.12 As MSCs are progenitors of well-
differentiated supportive tissues, researchers have been ex-
ploring their role in regenerative medicine. Several animal
studies demonstrated their potential to create and repair
new bone, tendon, cartilage, and muscle.11,13-15

With the observation that MSCs in addition have immu-
nosuppressive properties and that infusion of these cells
was curative in a patient with steroid-refractory GvHD,
smaller and larger studies on the effect of MSCs in steroid-
refractory GvHD followed. Although MSC infusion is now
considered as a second-line therapy for steroid-refractory
GvHD in most centers, no large, prospective clinical trials
have been reported. The aim of this study was to systematically
review data available to date to evaluate the effect of MSCs
as a treatment for severe, steroid-refractory acute GvHD.

MATERIALS AND METHODS

Research Strategy and Selection Criteria
In April 2015, we performed a systematic literature search

in PubMed. Keywords used were: “mesenchymal stromal
cells,” “mesenchymal progenitor cell,” “multipotent mesen-
chymal stromal cell,” “multipotent bone marrow stromal
cell,” “multipotent stromal cell,” “MSC” and “mesenchymal
stem cell” and “graft-versus-host disease,” “graft-versus-host
disease” or “GVHD.” Articles were screened independently
by 2 researchers (J.M.M. and M.J.A.). The focus of our re-
view was on severe, grade III/IV steroid-refractory acute
GvHD in adult allogeneic HSCT recipients but studies that
included grade II GvHD in addition to grade III-IV GVHD
patients were permitted. Studies were only eligible for anal-
ysis when stratified for GvHD type (acute [onset <100 days
after HSCT] vs chronic [onset >100 days after HSCT]) and
severity (grading). We excluded studies that focused on pre-
vention of GvHD by means of MSC cotransplantation,
studies in which MSCs were used as first-line therapy or
were used in combination with other second-line therapies
such as etanercept, studies that included pediatric popula-
tions only, case reports, animal studies, non-English publi-
cations, and conference meeting abstracts, based on title
and abstract.

Assessment of Study Quality
Before inclusion into the study, eligible studies were sub-

jected to a quality assessment that focused on crucial aspects
of MSC transplantations. Quality assessment with regard to
materials and methods included a clear description of in-
cluded patients (median age, sex), the number of patients in-
cluded, GvHD grade stratification, characteristics of the
product (donor characteristics, MSC source, culturing
methods, passage times, number of cells infused, and number
of MSC infusions). Quality criteria for study design and re-
sults were a clear description of clinical endpoints, detailed
descriptions of individual patient outcomes, specification of
statistical methods and median follow-up time. Although
the use of control groups significantly increases the quality
of a study, only a few studies did include a control group.16,17

Analysis
Taking into consideration the expected heterogeneity be-

tween studies and the lack of control groups in this highly ex-
perimental field, we performed a systematic review using

descriptive statistics to analyze results, except for the correla-
tion analysis shown in Figure 2, for which nonparametric
Spearman rank coefficients and 95% confidence intervals
were determined using Prism software.

RESULTS

Literature Search, Study Characteristics, and Patient
Characteristics

A total of 255 articles were found, of which 177 were ex-
cluded based on titles and abstracts. After screening the full
texts of the remaining 78 articles, another 69 articles were ex-
cluded based on the criteria as described in the methods sec-
tion. The remaining 9 articles were eligible for the purpose of
our study (Figure 1). Study and patient characteristics are
depicted in Table 1. All studies were conducted as non-
randomized clinical trials.16-24 In 2 studies, a control group
was included consisting of patients with steroid-refractory
GvHD who declined MSC treatment or for whom MSCs
were not available due to limited resources.16,17 The total
number of patients included varied from 618 to 55,20 with
median ages ranging between 19 and 58 years. A total of
169 men and 104 women received MSCs; 35 steroid-
refractory GvHD patients who did not receive MSCs (21
men, 14 women) were included. Two studies focused entirely
on grade III-IVacuteGvHD18,21; the other studies included pa-
tients with grade II GvHD as well. Median time of follow-up
of the patients ranged from 3 to 40 months, with 3 studies
not providing information on follow-up times.19,22,24

MSC Therapy
Details on MSC therapy for each study are outlined in

Table 1. The MSCs were obtained from the bone mar-
row16,17,19-24 or adipose tissue18 obtained from healthy vol-
unteers of varying ages. One study included pediatric
donors,20 another study included only adult volunteers,17

and the remaining the studies did not provide details on
MSC donor age. The MSCs were expanded in medium
containing fetal calf serum (FCS)16,18-20 or human platelet
lysate.17,21-24 The number of MSC passages before infusion

FIGURE 1. Literature search. Flowchart of selection process of rele-
vant papers, as outlined in the Methods.
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ranged from 1 to 5. In 1 study, both freshly isolated and
viably frozen MSCs were used, which did not seem to affect
efficacy.19 The number of MSCs administered varied
largely, between 0.3! 106 and 9! 106 cells/kg bodyweight,
with a median number of MSCs ranging from 0.9 ! 106

cells/kg to 1.8 !106 cells/kg bodyweight. Also, the number
of MSC infusions varied, ranging from 1 to 19 per patient,
with median numbers of infusions ranging between 1 and 4.
In all studies, standard immunosuppressive regimens, such
as prednisolone and cyclosporine, were continued during
MSC therapy. In 2 studies, additional immunosuppressive
therapy was allowed when patients did not respond to
MSCs and included infliximab, pentostatin, alemtuzumab,
extracorporeal photopheresis,21 or psoralen ultraviolet A,
and mofetil mycophenolate.22

Definition of Steroid-Refractory Acute GvHD and of
Study Endpoints

Steroid-refractory acute GvHD was generally defined as
patients with acute GvHD not responding to high-dose ste-
roid treatment (≥2 mg/kg per day) for 5 to 7 days, or with
progression of at least 1 grade within 72 hours after the start
of high-dose steroid treatment. In 2 studies, steroid-
refractory acute GvHD was not explicitly defined,17,22 in 1
study “therapy-refractory acute GvHD” was defined as per-
sistent or progressive symptoms despite 5 days of treatment
with steroids (≥2 mg/kg per day) or 48 hours after escalation
with concomitant therapy, such as methotrexate, infliximab,
or pentostatin.21 In the study byZhao et al16 “refractory acute
GvHD” was defined as steroid-refractory acute GvHD (as
above) that failed at least 1 second-line therapy (including

TABLE 1.

Patient characteristics for each study

Patients MSC

First Author No M:F Agea aGvHD II:III:IVb Source/medium Passagec Dosed No Follow-upe

Ringden (2006) pts 8 7:1 56 (8-61) 0:6:2 BM/FCS 1-4 0.7-9 1-2 2-36
co 16 9:7 40 (3-60) 2:10:4 NA NA NA NA NM

Fang (2007) 6 3:3 39 (22-49) 0:2:4 AT/FCS NM 1e 1-2 18-90
Le Blanc (2008) 55 34:21 22 (0.5-64) 5:25:25 BM/FCS NM 0.4-9 1-5 1.5-64
Von Bonin (2009) 13 7:6 58 (21-69) 0:2:11 BM/pl 1-2 0.6-1.1 1-5 1.5-23
Resnick (2013) 50 28:22 19 (1-69) 5:6:39 BM/FCS 1-3 0.3-3.1 1-4 NM
Sanchez (2014) 25 13:12 NM (20-65) 7:15:3 BM/pl 1-3 0.7-1.3 2-8 NM
Introna (2014) 40 27:13 28 (1-65) 11:20f BM/pl NM 0.8-3.1 2-11 NM
Zhao (2015) pts 28 19:9 26 (14-54) 4:8:16 BM/FCS 4-5 1g 2-8 1.5-44

co 19 12:7 29 (14-50) 2:8:9 NA NA NA NA 1.5-34
Te Boome (2015) 48 31:17 45 (1-69) 12:33:3 BM/pl 3 0.9-2.5 1-4 Up to 12
a Median age (range).
b Number of patients per aGvHD grade.
c Number of ex vivo passages of MSCs before infusion.
d Dose !106 MSCs/kg.
e Follow-up in months.
f Grades III-IV combined.
g Median dose.
NA indicates not applicable; NM, not mentioned; BM, bone marrow; No, number of individuals (“Patients”) or number of MSC infusions (“MSC”); AT, adipose tissue; pl, platelet lysate.

TABLE 2.

Response rates and survival

Outcome Survival

First Author CR (%) PR (%) MR (%) Relapse (%) TRMa (%) OS (%)

Ringden (2006) pts 6/8 (75) 0/8 (0) 3/8 (38) 5/8 (63)
co NM NM NM 0/16 (0)

Fang (2007) 5/6 (83) 1/6 (17) 1/6 (17) 4/6 (66)
Le Blanc (2008) 30/55 (55) 9/55 (16) 3/55 (5) CR 11/30 (37) 16/30 (53)

PR/NR 18/25 (72)b 4/25 (16)b

Von Bonin (2009) 1/13 (8) 1/13 (8) 5/13 (38) 0/13 (0) 9/13 (21) 4/13 (31)
Resnick (2013) 17/50 (34) 16/50 (32) 1/50 (2) CR/PR 6/33 (18) NM
Sanchez (2014) 11/25 (44) 6/25 (24) 2/25 (8) CR/PR 7/17 (41) 8/11 (67)

NR 5/8 (71) 3/14 (21)
Introna (2014) 11/40 (27) 16/40 (40) 6/40 (15) 18/40 (45) 16/40 (40)
Zhao (2015) pts 17/28 (61) 4/28 (14) 2/28 (7)c 12/28 (43) …/28 (46)d

co 5/19 (26) 3/19 (16) 1/19 (3)c 13/19 (68) …/19 (26)
Te Boome (2015) 12/48 (25) …/48 (44)
a TRM: transplantation-related mortality, here defined as nonrelapse mortality.
b P < 0.05 compared with patients with CR in same study.
c At median time of follow-up (±300 days).
d Not significantly different from control group.
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