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Diabetes is a chronic metabolic disorder that affects 415
million people worldwide. This pathology is often associated
with long-term complications, such as critical limb ischemia
(CLI), which increases the risk of limb loss and mortality.
Mesenchymal stromal cells (MSCs) represent a promising op-
tion for the treatment of diabetes complications. Although
MSCs are widely used in autologous cell-based therapy, their ef-
fects may be influenced by the constant crosstalk between the
graft and the host, which could affect the MSC fate potential.
In this context, we previously reported that MSCs derived
from diabetic patients with CLI have a defective phenotype
that manifests as reduced fibrinolytic activity, thereby
enhancing the thrombotic risk and compromising patient
safety. Here, we found that MSCs derived from diabetic pa-
tients with CLI not only exhibit a prothrombotic profile but
also have altered multi-differentiation potential, reduced pro-
liferation, and inhibited migration and homing to sites of
inflammation. We further demonstrated that this aberrant
cell phenotype is reversed by the platelet-derived growth factor
(PDGF) BB, indicating that PDGF signaling is a key regulator
of MSC functionality. These findings provide an attractive
approach to improve the therapeutic efficacy of MSCs in autol-
ogous therapy for diabetic patients.
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INTRODUCTION
Diabetes mellitus (DM) is a chronic disease characterized by alter-
ations in insulin regulation and glucose uptake. This pathological
condition is often associated with vascular complications, such as
critical limb ischemia (CLI) that manifests as chronic resting pain,
non-healing limb ulcers and gangrene. Diabetic patients with CLI
generally have a poor prognosis, with a high risk of major amputation
and premature mortality.1 Cell-based therapies represent a promising
strategy for the treatment of CLI, helping to avoid amputation in
these patients.2–7 Particularly, mesenchymal stromal cells (MSCs)
have shown significant therapeutic potential due to their fibrinolytic
and antithrombogenic properties.8–12 To date, there are more than 10
registered clinical trials (https://www.clinicaltrials.gov) using autolo-
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gous MSCs for the treatment of diabetes and its complications, and
these cells are presumably safer and more effective than allogenic
cells. However, the therapeutic effects of MSCs have been questioned
when they come from a diabetic milieu.13–17 We have completed a
phase I/II trial on the use of autologous adipose-derived MSCs
(AdMSCs) for the treatment of CLI in diabetic patients
(ClinicalTrials.gov: NCT01257776). In our clinical study, two indi-
viduals with type 2 diabetes mellitus (T2DM) developed distal micro-
thrombosis after intra-arterial infusion. Therefore, we investigated
the phenotype of AdMSCs derived from these two patients and found
reduced fibrinolytic activity when exposed to diabetic blood sera.13

A full understanding of the phenotypic changes occurring in MSCs
during diabetes will help us to maximize their therapeutic effective-
ness and minimize the side effects of autologous cell therapy.

The platelet-derived growth factor (PDGF) pathway is known to
modulate the coagulation and fibrinolysis systems that control blood
clots formation.18–24 The PDGF family consists of four ligands (AA,
BB, CC, and DD) that interact with two PDGF receptor isoforms
(PDGFRa and PDGFRb). PDGF binding to its receptor activates an
intrinsic tyrosine kinase activity that initiates intracellular signaling
cascades, e.g., phosphatidylinositol 3-kinase (PI3K), Janus kinase
(JAK), and the extracellular signal-regulated protein kinase
(ERK).25 Several reports indicate that members of the PDGF pathway
(i.e., PDGF-BB, ERK, and its downstream target SMAD) mediate the
expression of tissue factor (TF),18–22 the key initiator of the coagula-
tion cascade.26 Fibrinolysis is also enhanced by PDGF-BB, which is
involved in the hyalocyte-mediated degradation of fibrin clots in vit-
reous body hemorrhage.23,24 Moreover, PDGF is a critical regulator of
essential MSC processes, such as proliferation, differentiation, cell
erican Society of Gene and Cell Therapy.
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Figure 1. Characterization of C-AdMSCs and D-AdMSCs

(A) Flow cytometry analysis of cultured AdMSCs showing that both control and diabetic cells were positive for the MSC-specific markers CD29, CD13, CD73, CD105, and

CD90, whereas they were negative for CD31, CD45, CD34, and HLA II. Respective isotype controls were used to define gate M1 and discard non-specific staining (less than

1%). (B) Phase contrast image of primary subconfluent cultures of C-AdMSCs and D-AdMSCs showing typical adherent fibroblast-likemorphology, adipogenic differentiation

(demonstrated by the presence of lipid droplets stained with oil red O), and osteogenic differentiation (demonstrated by alkaline phosphatase activity). (C) Quantification of the

area occupied by the oil red O staining. (D) Quantification of the area occupied by the alkaline phosphatase staining. Scale bar: 100 mm in (B). Data are represented as

mean ± SEM. **p < 0.01 (two-tailed t test).
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motility, and angiogenesis.27–31 A more robust understanding of how
PDGF signaling modulates MSC biology may be crucial for eluci-
dating the functional modifications that these cells undergo during
diabetes and other diseases.

In this study, we aimed to thoroughly characterize AdMSCs derived
from T2DM patients with CLI who experienced adverse events dur-
ing autologous cell therapy (i.e., therapeutically non-effective MSCs)
and to seek strategies to restore the defective phenotype. We found
that AdMSCs showed reduced proliferative and migratory capacities
compared to AdMSCs derived from healthy individuals, in addition
to exhibiting a prothrombotic phenotype. These alterations were
associated with impaired PDGF signaling and were restored by
PDGF-BB stimulation. Our findings indicate that the use of
PDGF-BB could represent a promising approach to rescue the
impaired phenotypes of AdMSCs isolated from diabetic patients
before being used in autologous cell therapy. This strategy will poten-
tially minimize the risk of subsequent adverse events in the host.

RESULTS
D-AdMSCs Preserved Their Specific Cell-Surface Markers but

Displayed Altered Differentiation Tendency

We first examined the expression of MSC-specific markers in
AdMSCs isolated from T2DM patients with CLI who underwent
the adverse event previously described13 (D-AdMSCs) and AdMSCs
isolated from healthy donors (C-AdMSCs). Flow cytometry analysis
revealed that D-AdMSCs and C-AdMSCs expressed the markers
CD29, CD13, CD73, CD105, and CD90. In contrast, both D-AdMSCs
and C-AdMSCs were negative for the expression of CD31, CD45,
CD34, and human leukocyte antigen (HLA) II (Figure 1A).
Culture-expanded D-AdMSCs were morphologically similar to
C-AdMSCs and were able to differentiate into adipogenic and osteo-
genic lineages (Figure 1B). However, the differentiation tendency of
D-AdMSCs was altered compared to C-AdMSCs. When exposed to
adipogenic differentiation media, D-AdMSCs displayed an enhanced
capacity to generate adipocytes, as demonstrated by the presence of
intracellular lipid droplets stained with oil red O (D-AdMSCs,
3.35% ± 0.31%; C-AdMSCs, 1.75% ± 0.24%; p = 0.007) (Figure 1C).
In contrast, when exposed to osteogenic differentiation media,
D-AdMSCs exhibited a reduced capacity to generate osteocytes, as
demonstrated by lower alkaline phosphatase activity (D-AdMSCs,
2.7% ± 0.9%; C-AdMSCs, 57.9% ± 5.7%; p = 0.00008) (Figure 1D).
Altogether, these results suggest that D-AdMSCs preserve the stem-
ness potential but exhibit an altered differentiation tendency.

Proliferation and Migration Capacities Were Decreased in

D-AdMSCs

To determine whether diabetes affects the in vitro proliferative capac-
ity of AdMSCs, we first performed colony-forming unit assays. We
noted a reduction in the number of colonies (D-AdMSCs, 47.33 ±

3.67 colonies; C-AdMSCs, 71.33 ± 2.73 colonies; p = 0.006), as well
as in the size of those colonies (D-AdMSCs, 18.93 ± 1.17 mm2;
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Figure 2. Migratory and Proliferative Capacities of C-AdMSCs and D-AdMSCs

(A) Representative image of colony-forming unit assays stained with cresyl violet from C-AdMSCs and D-AdMSCs. (B) Graph depicting the number of AdMSC colonies. Note

the decreased number of colonies in D-AdMSCs. (C) Graph depicting the size of the AdMSC colonies. Note the decreased colony size in D-AdMSCs. (D) Quantification of

Ki67+ cells, revealing a reduction in the percentage of proliferative cells in D-AdMSCs. (E) Immunocytochemistry against Ki67 (green) in C-AdMSCs and D-AdMSCs. Cell

nuclei were stained with Hoechst dye (blue). (F) Representative flow cytometric analysis of BrdU incorporation by C-AdMSCs and D-AdMSCs. Percentage of cells expressing

BrdU is indicated. Cells were exposed to BrdU for 3 hr before cell fixation. (G) Graph depicting the percentage of reduction of the scratched area after 48 hr. (H) Representative

phase contrast images of a scratch assay showing the migration of AdMSCs after 48 hr. (I) Graph depicting the number of migrated cells through a transwell membrane after

48 hr. (J) Cresyl violet staining of AdMSCs that transmigrated through a transwell membrane after 48 hr. Scale bars: 100 mm in (E andH) and 50 mm in (J). Data are represented

as mean ± SEM. *p < 0.05, **p < 0.001 (two-tailed t test).
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C-AdMSCs, 25.26 ± 1.74 mm2; p = 0.017), in D-AdMSCs compared
to C-AdMSCs (Figures 2A–2C). Similarly, Ki67 immunocytochem-
istry indicated that D-AdMSCs proliferated 73% less than C-AdMSCs
(D-AdMSCs, 13.9% ± 1.8%; C-AdMSCs, 51.6% ± 2.5%; p = 3 �
10�10) (Figures 2D and 2E). We further measured the proliferative
capacity of AdMSCs by determining the incorporation of bromo-
deoxyuridine (BrdU) by flow cytometry 3 hr after BrdU incubation.
The results revealed that D-AdMSCs incorporated 2.5-fold less
BrdU than did C-AdMSCs (Figure 2F). The metabolic activity, deter-
mined by alamarBlue assay over an 8-day period, supported this
reduction in D-AdMSC proliferation (Figure S1A). Altogether, these
results indicate that the ability to proliferate is compromised in
AdMSCs derived from diabetic patients with CLI.
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Next, the migratory capacity of AdMSCs was analyzed by scratch
assays. The results showed that both C-AdMSCs and D-AdMSCs
were able to invade the scratch area within the first 6 hr (reduction
index: D-AdMSCs, 6.96% ± 0.86%; C-AdMSCs, 11.08% ± 1.17%;
p = 0.02). However, D-AdMSCs showed a significant reduction in
the invasiveness 48 hr after scratching compared to controls
(D-AdMSCs, 39.9% ± 6.7%; C-AdMSCs, 83.4% ± 1.7%; p = 9.3 �
10�5) (Figures 2G and 2H). To further investigate the migratory ca-
pacity of AdMSCs, we used Boyden’s chamber method. The results
revealed that migration through 8-mm pore transwell membranes
was reduced by 43.5% for D-AdMSCs 48 hr after seeding
(D-AdMSCs, 82 ± 4 cells; C-AdMSCs, 149 ± 6 cells; p = 1.4 �
10�5) (Figures 2I and 2J).



Figure 3. Coagulation and Fibrinolytic Factors in C-AdMSCs and D-AdMSCs

(A) qRT-PCRmeasurements for a selected set of genes involved in coagulation and fibrinolysis. The results were normalized to the internal controls Ppia and Rplp0. Note the

increased expression of all tested genes in D-AdMSCs compared to C-AdMSCs (set as 1; red line). (B) Bar graph depicting the combined expression of prothrombotic (Tf,

Timp2, and a2-antiplasmin) and profibrinolytic (Tfpi and Mmp2) genes assessed in (A). (C) Representative flow cytometry analysis determining the percentage of AdMSCs

expressing the pro-coagulant marker TF. Note the higher expression of TF in the D-AdMSC population. (D) Immunocytochemistry staining for TF (green) in D-AdMSCs and

C-AdMSCs. Cell nuclei were stained with Hoechst dye (blue). Staining for TF was more evident in the perinuclear region of C-AdMSCs, while it was homogeneously

distributed in the surface and cytoplasm of D-AdMSCs. (E) Bar graph depicting a significant increase in the secretion of PAI-1 by cultured D-AdMSCs. (F) Bar graph depicting

no differences in the secretion of tPA by cultured D-AdMSCs. (G) Bar graph depicting a significant decrease in the tPA/PAI-1 ratio of D-AdMSCs. Scale bar: 100 mm in (D).

Data are represented as mean ± SEM. *p < 0.05, **p < 0.01, ***p < 0.001 (two-tailed t test).
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To eliminate the possibility that reduced cell viability may be the
cause of the differences observed in proliferation and migration,
apoptosis levels were evaluated using Annexin V/propidium iodide
staining and flow cytometry. The results showed non-significant dif-
ferences between C-AdMSCs and D-AdMSCs (Figure S1B). The
numbers of live and dead cells in culture were also examined with
the trypan blue exclusion test using a hemocytometer. Quantification
of non-stained (viable cells) (D-AdMSCs, 96.54% ± 0.8%;
C-AdMSCs, 97.31% ± 1.4%; p = 0.66) and stained cells (dead cells)
(D-AdMSCs, 2.22% ± 0.97%; C-AdMSCs, 1.12% ± 0.97%; p = 0.50)
also showed non-significant differences between C-AdMSCs and
D-AdMSCs (Figure S1C).

Coagulation and Fibrinolytic FactorsWere Altered in D-AdMSCs

To determine whether the coagulation and fibrinolysis cascades were
altered in D-AdMSCs, we measured the mRNA expression levels of
coagulation and fibrinolytic factors (Figure S2) by real-time qRT-
PCR. The results revealed that TF pathway inhibitor (Tfpi), metallo-
protease 2 (Mmp2), tissue inhibitor of metalloprotease 2 (Timp2),
a2-antiplasmin, and particularly Tf were upregulated in D-AdMSCs
compared to control cells (Figure 3A). Despite the overall increase,
pro-coagulation factors increased more than 2-fold compared to
pro-fibrinolytic factors (p = 3.19� 10�4), suggesting a prothrombotic
phenotype (Figure 3B). The notable increase in Tfwas further demon-
strated by flow cytometry, which showed that D-AdMSCs expressed
5-fold higher levels of TF protein than control cells (Figure 3C).
Immunofluorescence analysis determined an evident perinuclear
accumulation of TF in C-AdMSCs, whereas there was a homogeneous
cytoplasmic and cell surface distribution of TF in D-AdMSCs (Fig-
ure 3D). In addition, we measured levels of extracellular plasminogen
activator inhibitor type 1 (PAI-1) and tissue plasminogen activator
(tPA), key factors of the fibrinolysis cascade, in the media of cultured
AdMSCs (Figures 3E–3G). Although no significant changes in tPA
levels were noted, media from D-AdMSCs contained 35% more
PAI-1 than did control cells (D-AdMSCs, 120,518 ± 2,749 pg/mL;
C-AdMSCs, 89,318 ± 2,806 pg/mL; p = 0.00002). Thus, the tPA/
PAI-1 ratio was reduced in D-AdMSCs (D-AdMSCs, 0.008 ±

0.0001 a.u.; C-AdMSCs, 0.012 ± 0.0007 a.u.; p = 0.007). In summary,
AdMSCs derived from diabetic patients with CLI exhibited an in-
crease in coagulation factors, particularly TF, accompanied by an
increased release of the antifibrinolytic PAI-1.

PDGF Signaling Was Compromised in AdMSCs Derived from

T2DM Patients

Wenext evaluated whether TF expressionmay bemodulated by PDGF
signaling. PDGF levels were first measured by determining PDGF
serum concentrations in healthy (C-serum) and diabetic (D-serum)
subjects. ELISA for PDGF-BB showed increased levels of this factor
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Figure 4. PDGF Signaling in C-AdMSCs and D-AdMSCs

(A) PDGF-BB levels detected in the serum of healthy (C-serum) and diabetic (D-serum) donors by ELISA, showing an increased concentration of PDGF-BB in D-serum. (B)

Flow cytometry analysis determining the percentage of AdMSCs expressing PDGFRb. (C) Quantification of PDGFRb fluorescence intensity did not reveal significant dif-

ferences between D-AdMSCs and C-AdMSCs. (D) Representative western blot for PDGFRb protein levels in AdMSCs. Glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) was used as an internal control. (E) Densitometry analysis of western blots for PDGFRb levels. (F) Densitometry analysis of western blots for phosphorylated

PDGFRb levels following PDGF stimulation. (G) Densitometry analysis of western blots for phosphorylated ERK1/2 levels following PDGF stimulation. (H) Densitometry

analysis of western blots for phosphorylated SMAD2 levels following PDGF stimulation. (I) Representative western blot showing the expression levels of total and phos-

phorylated PDGFRb, ERK1/2 and SMAD2/3 in AdMSCs. GAPDH was used as an internal control. (J) Immunocytochemistry staining for pSMAD2 (red) and TF (green) in

AdMSCs. Cell nuclei were stained with Hoechst dye (blue). (K) Quantification of pSMAD2 fluorescence intensity in (J), revealing a significant increase in D-AdMSCs.

(L) Quantification of TF fluorescence intensity in (J), revealing a significant increase in D-AdMSCs. Scale bar: 100 mm in (J). Data are represented as mean ± SEM. *p < 0.05,

**p < 0.001 (two-tailed t test, two-way ANOVA).
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in D-serum compared to C-serum (D-serum, 2,177 ± 1.5 pg/mL;
C-serum, 563 ± 32 pg/mL; p = 0.012), suggesting a dysfunctional
signaling environment for D-AdMSCs (Figure 4A). Similar results
were found for PDGF-AA (Figure S3). PDGF levels in the conditioned
media of cultured AdMSCs were below the limits of detection. PDGF-
2700 Molecular Therapy Vol. 26 No 11 November 2018
BB is the highest-affinity ligand for PDGFRb. Thus, we evaluated the
expression of this receptor isoform by flow cytometry, immunocyto-
chemistry, and western blot, detecting no differences between
D-AdMSCs and C-AdMSCs (Figures 4B–4E; Figure S3). Next,
PDGFRb phosphorylation was evaluated in the presence of PDGF-BB



(legend on next page)
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stimulation (20 ng/mL) by western blot (Figures 4F and 4I). The results
revealed that PDGFRbwas transiently phosphorylated in both groups,
with maximal activation 5–15 min after stimulation. However,
PDGFRb phosphorylation levels in D-AdMSCs were lower compared
to control cells at all time points. This result indicates that although
diabetic patients exhibit increased circulating PDGF-BB levels,
PDGFRb sensitivity to its ligand is diminished. We then examined
the downstream signaling effects on ERK1/2 and SMAD2/3. Under
basal conditions (i.e., non-PDGF stimulation), phospho-ERK1/2
(pERK1/2) was decreased in D-AdMSCs compared to C-AdMSCs,
while phosphor-SMAD subtype 2 (pSMAD2) levels were increased.
As expected, PDGF-BB stimulation induced transient ERK1/2 phos-
phorylation in bothD-AdMSCs andC-AdMSCs, withmaximal activa-
tion of 5–15 min. However, this phosphorylation occurred at a lower
rate in D-AdMSCs. SMAD2 phosphorylation was insensitive to
PDGF-BB stimulation in D-AdMSCs. The sustained activation of
SMAD2 under basal conditions was further evaluated by immunocy-
tochemistry, which revealed that D-AdMSCs showed nuclei more
immunoreactive for pSMAD2 compared to C-AdMSCs (D-AdMSCs,
33.45± 2.4 a.u.; C-AdMSCs, 17.39± 3.8 a.u.; p = 0.012). The basal acti-
vation of SMAD2 in D-AdMSCs was accompanied by increased
expression of TF (D-AdMSCs, 48.84 ± 5.9 a.u.; C-AdMSCs, 25.75 ±

3.3 a.u.; p = 0.014) (Figures 4J–4L). Altogether, these results suggest
that under basal conditions, D-AdMSCs exhibit restricted ERK1/2
signaling even though SMAD2 is activated, which may promote the
production of TF. In addition, PDGF-BB stimulation potentiates
ERK1/2 signaling in D-AdMSCs, whereas it fails to enhance SMAD2
phosphorylation.

PDGF-BB Rescued the Impaired Phenotype of D-AdMSCs

To evaluate whether the impaired phenotype of D-AdMSCs could be
rescued, cells were exposed to PDGF-BB (20 ng/mL), and their pro-
liferative and migratory capacities were examined. Immunostaining
for Ki67 showed a 1.6-fold increase in D-AdMSCs exposed to
PDGF-BB for 5 hr (D-AdMSCs, 43.4% ± 4.6%; D-AdMSCs +
PDGF, 68.9% ± 2.6%; p < 0.001), while no significant differences
were found in C-AdMSCs (Figures 5A and 5B). PDGF-BB exposure
also enhanced migration of D-AdMSCs in scratch assays
(D-AdMSCs, 36.9% ± 6.7%; D-AdMSCs + PDGF, 70.9% ± 3.6%;
p < 0.001) and transwell assays (D-AdMSCs, 75.7 ± 4 cells;
D-AdMSCs + PDGF, 94.5 ± 1.6 cells; p = 0.038), while effects on
C-AdMSCs were less robust (Figures 5C–5F).
Figure 5. Effects of PDGF-BB in Rescuing AdMSCs from the Diabetic Phenoty

(A) Representative immunofluorescence images of proliferating cells using Ki67 (green) 5

Bar graph depicting the percentage of Ki67+ cells after PDGF-BB stimulation. (C) Rep

enrichment of PDGF-BB. (D) Bar graph depicting the percentage of reduced scratch

depicting the number of migrated cells through a transwell membrane after 48 hr in me

transwell assay in (D), stained with cresyl violet. (G) Flow cytometry analysis determining

stimulation. Note the reduced expression of TF in D-AdMSC stimulated with PDGF-BB

culture. Note the clearing zone surrounding cells resulting from the AdMSC-mediated

resulting from fibrin degradation over time (data were normalized relative to the 24 hr tim

and the subsequent rescue by PDGF. Scale bars: 100 mm in (A), 250 mm in (C), and 50 mm

compared to C-AdMSCs, ***p < 0.001 compared to D-AdMSCs, #p < 0.05 compared

ANOVA).
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We also evaluated the TF levels in AdMSCs in response to PDGF-BB
exposure. D-AdMSCs showed a slight decrease in TF expression
following PDGF-BB stimulation, while C-AdMSCs showed a 19% in-
crease in TF expression (Figure 5G). Furthermore, the fibrinolytic ca-
pacity of AdMSCs was evaluated by fibrin gel assay. This assaymimics
the ex vivo fibrin degradation by cells embedded in fibrin clots. The
ability of AdMSCs to degrade fibrin clots was visualized as a steady
clearing zone surrounding cells 24 hr after seeding. D-AdMSCs ap-
peared to show reduced fibrinolytic abilities compared to C-AdMSCs.
The steady clearing zone was increased in cells exposed to PDGF (Fig-
ure 5H). To validate these observations, AdMSC-mediated lysis of the
fibrin clot was measured by determining the levels of fibrin degrada-
tion products (i.e., D-dimers) present in the media (Figure 5I).
D-AdMSCs showed no differences in fibrin degradation over time
(D-AdMSCs 24 hr, 1 ± 0 a.u.; D-AdMSCs 72 hr, 1.17 ± 0.07 a.u.;
p = 0.082), while C-AdMSCs displayed a time-dependent increase
in the levels of fibrin degradation products (C-AdMSCs 24 hr,
1 ± 0 a.u.; C-AdMSCs 72 hr, 2.4 ± 0.66 a.u.; p = 0.021). Consistently,
PDGF-BB treatment rescued fibrinolytic activity in D-AdMSCs
(D-AdMSCs 72 hr, 1.17 ± 0.07 a.u.; D-AdMSCs + PDGF 72 hr,
2.9 ± 0.26 a.u.; p = 0.003).

Biodistribution of Transplanted D-AdMSCs Exhibited a Rescued

Homing Ability after PDGF-BB Stimulation

Given that efficient homing is crucial for the success of cell therapy,
we studied the ability of AdMSCs to migrate in response to inflamma-
tory lesions, using a mouse model of cutaneous wounds. XenoLight
DiR (DiIC18(7) (1,1’-dioctadecyl-3,3,3’,3’-tetramethylindotricarbo-
cyanine iodide))-labeled AdMSCs were administered via tail vein
into severe combined immunodeficiency (SCID) mice the day after
wounding, and cell biodistribution was examined over time (Fig-
ure 6A). Non-wounded mice were also injected with the same dose
of cells and used as control. Five hours after transplantation, fluores-
cence was restricted to the lungs and liver. However, on day 1 post-
wounding, we observed homing of transplanted cells into the
inflammatory lesion, which reached a peak at day 4. Fluorescence
tended to slowly decrease after this time point (Figure 6B). Repeated
cell infusions would be required for a sustained therapeutic effect. By
analyzing the fluorescent signal in the lesion at day 4, we found that
D-AdMSCs showed an impaired ability to migrate within the wound
compared to C-AdMSCs (D-AdMSCs, 1.28 ± 0.03 a.u.; C-AdMSCs,
1.73 ± 0.11 a.u.; p = 0.048). This defect of in vivo migration was
pe

hr after PDGF-BB stimulation. Cell nuclei were stained with Hoechst dye (blue). (B)

resentative phase contrast images of the scratch assay over time, with or without

area after 48 hr. PDGF-BB-enhanced cell migration in D-AdMSCs. (E) Bar graph

dia enriched or not with PDGF-BB. (F) Representative phase contrast images of the

the percentage of AdMSCs expressing the pro-coagulant marker TF after PDGF-BB

. (H) Representative images of the fibrin gel assay stained with H&E after 24 hr in

lysis of the fibrin clot. (I) Bar graphs depicting the levels of D-dimers in the media

e point). Note the significant decrease in the fibrin degradation ability of D-AdMSCs

in (F and H). Data are represented asmean ± SEM. In (B), (D), and (E), ###p < 0.001

to C-AdMSCs, and *p < 0.05 compared to D-AdMSCs (two-tailed t test, two-way



Figure 6. Biodistribution of Transplanted AdMSCs in an In Vivo Cutaneous Wound Model

(A) XenoLight DiR-labeled AdMSCs were transplanted via tail veins into SCID mice the day after cutaneous incision. Images show bioluminescence activity in representative

animals before and after (5 hr, days 4 and 8) cell transplantation. Black boxes delimit cutaneous incisions area. (B) Fluorescence in the wound area was quantified over an

8-day period. Values were normalized to the fluorescence in the wound area at day 0. The maximal fluorescence intensity was detected at day 4. (C) Quantification of the

relative fluorescence in the wound area at day 4. Valueswere normalized to the fluorescence in the wound area at day 0. D-AdMSCs showed reduced invasion into the wound

area, and this defect was rescued by PDGF stimulation. (D) Detailed analysis of the bioluminescence activity in the wound area at day 4. H&E staining of the wound tissue

revealed a thickened epidermis (e, dark layer) over the dermis (d, light layer), as a result of post-wounding events. Immunohistochemistry against Ki67 (green) revealed

proliferating cells (arrows) at the wound site. Immunohistochemistry against human nuclei (hNuclei; red) revealed the presence of AdMSCs (arrows) at the wound site. Cell

nuclei were stained with Hoechst dye (blue). Scale bars: 100 mm (H&E) and 20 mm (immunohistochemistry [IHC]) in (D). Data are represented as mean ± SEM. #p < 0.05

compared to C-AdMSCs, **p < 0.01 compared to D-AdMSCs (two-tailed t test).
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significantly rescued by PDGF-BB stimulation (D-AdMSCs, 1.28 ±

0.03 a.u.; D-AdMSCs + PDGF, 1.74 ± 0.03 a.u.; p = 0.007), maintain-
ing this tendency over an 8-day period (Figures 6B–6D). The presence
of AdMSCs in the lesion was further demonstrated by histological
analysis of the wound tissue (Figure 6D). First, H&E staining revealed
a thickened epidermis composed of multiple layers of keratinocytes
Molecular Therapy Vol. 26 No 11 November 2018 2703
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due to increased post-wounding proliferation, as shown by Ki67 im-
munostaining. Subsequent immunohistochemistry against human
nuclei confirmed that AdMSCs were incorporated into the lesion.
At autopsy, we did not observe tumor mass in those mice receiving
AdMSCs, either pre-treated with PDGF or not. Altogether, these re-
sults indicate that D-AdMSCs showed a reduced ability to migrate
and home to sites of injury after intravenous transplantation in
mice. This defect in homing can be rescued by PDGF-BB stimulation.

The Defective Phenotype of AdMSCs Differs across Multiple

T2DM Patients Successfully Treated with Autologous Cell

Therapy for CLI

To determine whether the defective phenotype found in D-AdMSCs
was associated with the adverse event previously described,13 we eval-
uated AdMSCs derived from T2DM patients with CLI that did not
undergo adverse reaction after cell infusion (i.e., therapeutically effec-
tive AdMSCs [DEf-AdMSCs]). We found that migration was signifi-
cantly decreased in AdMSCs from these patients compared to control
cells. Consistently, PDGF-BB treatment rescued the defect on migra-
tion. However, we found a heterogeneity between patients when eval-
uating DEf-AdMSC proliferation, mRNA expression levels of factors
involved in coagulation and fibrinolysis (i.e., Tf, Tfpi, Mmp2, Timp1,
and Timp2), and protein levels of TF, PAI-1, and tPA (Figure S4).
These data suggest that the defective phenotype is emphasized in
therapeutically non-effective AdMSCs.

DISCUSSION
MSC-based therapy has shown promising, but not yet conclusive, re-
sults for the treatment of diabetes and its complications. Several
studies indicate that MSCs derived from diabetic patients exhibit an
defective phenotype that may compromise their success in cell ther-
apy.13,17,32–44 In this study, we confirmed the defective phenotype
of AdMSCs derived from diabetic patients with CLI, which was asso-
ciated with the adverse event previously described.13 In addition, we
propose a treatment with PDGF-BB to rescue the healthy phenotype.

D-AdMSCsExhibit a Defective Phenotype thatMayCompromise

Their Effectiveness in Cell Therapy

The Mesenchymal and Tissue Stem Cell Committee of the Interna-
tional Society for Cellular Therapy proposed the minimal criteria
that define human MSCs.45 Even though the D-AdMSCs used in
our study met all these criteria, we found a modified differentiation
tendency. Studies have reported that MSCs derived from diabetic
rats exhibited reduced osteogenic potential and enhanced adipogen-
esis.17,46 These findings are consistent with our observations using
human AdMSCs. Modifications in the differentiation tendency
could stem from individual heterogeneities, including obesity and
skeletal fragility, which have been related to increased adipogene-
sis47–49 and poor bone strength,50 respectively. Furthermore, prolif-
eration, migration, and homing to sites of inflammation were
attenuated in AdMSCs derived from T2DM patients with CLI,
which may compromise a successful engraftment after cell therapy
for CLI. These alterations are in line with previous studies showing
that MSCs derived from the bone marrow of mice homozygous for
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the diabetes spontaneous mutation (Leprdb) exhibit reduced prolif-
eration in vitro, as well as poor engraftment to the site of injury in
an excisional splint wound model.51 Thus, data support that MSCs
derived from diabetic individuals present impaired therapeutic ca-
pacity. Finally, we found that the balance between coagulation
and fibrinolysis was shifted toward a prothrombotic state in
D-AdMSCs. These findings agree with our previous study reporting
that D-AdMSCs cultured in the presence of blood sera release
higher levels of PAI-1, reduced levels of tPA, and lower D-dimer
formation compared with C-AdMSCs.13 Now, we have included
the evaluation of the procoagulant TF, whose expression was found
to be increased in D-AdMSCs. TF is a transmembrane receptor that
binds to clotting factor VIIa (FVIIa), forming the TF-FVIIa complex
responsible for initiating the coagulation cascade.52 The subcellular
localization of TF (cell surface pool and Golgi pool) is critical for
determining its activity. It is known that FVIIa binding to TF mo-
bilizes TF from the Golgi, increasing TF expression at the cell sur-
face, which could be induced as response to injury.53,54 Consistent
with this, we found that TF has a perinuclear location in C-AdMSCs
but was localized at the plasma membrane in D-AdMSCs, support-
ing the prothrombotic profile. However, further functional studies
(e.g., blood clotting assay) are necessary to corroborate a prothrom-
botic state in D-AdMSCs. The altered properties described in this
and other studies question the suitability of MSCs from diabetic do-
nors for autologous cell therapy.

PDGF Signaling Attenuation May Account for the Defective

Phenotype of D-AdMSCs

PDGF signaling is known to modulate essential MSC processes, such
as differentiation, migration, and proliferation,27–31 as well as coagu-
lation and fibrinolysis systems.18–24 Here, we demonstrated that
PDGF signaling was attenuated in D-AdMSCs. In particular, we
found that PDGFRb phosphorylation was less sensitive to PDGF-
BB stimulation in D-AdMSCs than in control cells. This modulation
may be due to a defect on PDGFRb or to the existence of a competi-
tion between PDGF-BB and other proteins for binding to PDGFRb.
The decreased PDGFRb phosphorylation in D-AdMSCs led to
impaired ERK signaling that was associated with a reduction in their
ability to proliferate and migrate, as shown in previous studies.29,55,56

However, SMAD2 displayed a persistent activation under basal con-
ditions that occurs in an ERK-independent manner. Upon phosphor-
ylation, SMAD proteins form a complex that translocates into the
nucleus to regulate gene transcription.57 According to previous
research, SMAD has been involved in the modulation of the procoa-
gulant TF.22 Thus, we suggest that the sustained activation of SMAD2
in D-AdMSCs contributes to the observed prothrombotic phenotype.
Previous reports have demonstrated that transforming growth factor
b (TGF-b) plays a critical role in the initiation of SMAD signaling.58

TGF-b is involved in the control of metabolic homeostasis during
diabetogenesis.59,60 Hence, TGF-b signaling appears to be a good
candidate for inducing SMAD2 translocation to the nucleus in
D-AdMSCs and the subsequent increase in TF expression in an
ERK-independent manner. Further studies are necessary to clarify
the mechanism involved in the production of TF in diabetic patients.



Figure 7. Schematic Representation of PDGFR,

ERK, and SMAD Signaling in AdMSCs

In AdMSCs from healthy donors, PDGF binding to its re-

ceptor activates ERK signaling, which in turn induces the

translocation of SMAD to the nucleus and its phosphor-

ylation. The activation of ERK and SMAD promotes the

transcription of their target genes, including Tf. In AdMSCs

derived from diabetic patients, PDGF signaling is down-

regulated, which results in partial inhibition of ERK1/2.

However, SMAD is upregulated in AdMSCs derived

from diabetic patients; consequently, TF expression is

enhanced. This suggests that other pathways are involved

in the sustained activation of SMAD observed in AdMSCs

derived from diabetic patients.
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PDGF-BB Treatment Reverts the Pathological Phenotype of

D-AdMSCsandMayMaximize Their Effectiveness inCell Therapy

Our study demonstrated that the modulation of PDGF signaling by
PDGF-BB exposure improves proliferation, migration, and homing
to sites of inflammation, which may be associated with the activation
of ERK1/2. In particular, homing is of special relevance in cell therapy
for CLI, because infused cells have to be able to respond to local
inflammation and migrate toward the lesion. Increasing the homing
of D-AdMSCs will favor its success in autologous cell therapy. In
addition, fibrin gel assay provided evidence that PDGF-BB treatment
rescued the defect in fibrinolysis, which helped to dissolve fibrin clots
from the vascular system, thus preventing vessel occlusion and favor-
ing homing of infused cells. Previous studies have suggested that
PDGF-BB is involved in the hyalocyte-mediated degradation of fibrin
clots in vitreous body hemorrhage.23,24 Modification on the extracel-
lular matrix remodeling processes upon PDGF stimulation may lead
to the rescued fibrinolytic phenotype.61,62 However, PDGF-BB treat-
ment does not modify the expression of TF in D-AdMSCs, whichmay
be due to the persistent activation of SMAD2 found in these cells. In
contrast, PDGF-BB induced the expression of TF in C-AdMSCs,
which correlates with the activation of the ERK/SMAD axis. These re-
sults support the role of SMAD in the regulation of TF. However, the
precise mechanisms for control of the fibrinolysis and/or coagulation
balance remain to be elucidated.

In conclusion, this study provides evidence that D-AdMSCs display a
defective phenotype that can be rescued by a pre-treatment with
PDGF-BB. In particular, we demonstrated an improvement in prolif-
eration, migration, and homing, as well as an enhanced fibrinolytic ca-
pacity, after PDGF-BB exposure. In addition, we identify the ERK/
SMAD pathway as part of the mechanism by which PDGF treatment
rescues the defective phenotype of D-AdMSCs (Figure 7). Although
further studies are required, our results suggest that the pre-treatment
with PDGF-BB will help to improve the therapeutic effect of AdMSCs
derived from T2DM patients in autologous cell therapy.
Molecular
MATERIALS AND METHODS
Patient Samples

AdMSCs and sera were obtained from T2DM
patients with CLI enrolled in a clinical trial
(ClinicalTrials.gov: NCT01257776). The use of human samples was
formally approved by local and regional medical research ethics com-
mittees and included the informed consent of patients. See Table S1
for sample information.

AdMSC Culture and Differentiation

AdMSCs were cultured in growth media composed of DMEM (Life
Technologies, Carlsbad, CA) supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin-streptomycin and were incubated at
37�C in a 20% O2 and 5% CO2 humidified atmosphere. Media were
changed every 2–3 days. Percentages of cell viability and death were
determined for each cell passage by trypan blue exclusion test
(Sigma-Aldrich). Differentiation of AdMSCs into adipocytes was per-
formed using StemMACs AdipoDiff media (Miltenyi Biotec, Cologne,
Germany). After 21 days, the presence of lipid droplets was determined
by staining the cells with oil red O (Sigma-Aldrich, St. Louis, MO)
(n = 4 replicates). Similarly, differentiation of AdMSCs into osteoblasts
was performed by StemMACs OsteoDiff (Miltenyi Biotec). After
10 days, the presence of osteoblasts was determined by measuring
the alkaline phosphatase activity using the SIGMAFAST BCIP/NBT
(5-bromo-4-chloro-3-indolyl phosphate/nitro blue tetrazolium;
Sigma-Aldrich) (n = 4 replicates). Quantification of oil red O and alka-
line phosphatase staining was determined using ImageJ software (Na-
tional Institute of Mental Health, Bethesda, MD).

PDGF-BB Stimulation

AdMSCs were grown in growth media until subconfluence and then
starved for 24 hr in serum-free medium before stimulation with
PDGF-BB (PeproTech, NJ). Cells were incubated with 20 ng/mL of
PDGF-BB for the indicated time periods, according to published
studies.29,63

Preparation of Conditioned Media Derived from AdMSCs

AdMSCs were seeded into T75 flasks with growth media and allowed
to grow until subconfluence. The media was then changed to
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serum-free media (5 mL total volume). After 24 hr, conditioned
media derived from AdMSCs was collected, centrifuged, and stored
at �80�C until use.

Colony-Forming Unit Assay

AdMSCs were plated onto 100-mm dishes at a low density (100 cells
per dish) and cultured for 14 days in growth media (n = 3 replicates).
Then, cells were fixed with 4% paraformaldehyde and stained with
0.5% cresyl violet (Sigma-Aldrich) to analyze the number and size
of the colonies using ImageTool software (Evans Technology, Ros-
well, GA).

Scratch Assay

AdMSCs were seeded into 12-well plates with growth media until
confluence (n = 6 replicates). A scratch across the entire diameter
of the well was performed using a 200-mL pipette tip, and the media
were immediately changed. A set area from the scratch was imaged at
different time points (0, 6, 12, 24, and 48 hr after scratching) using an
Olympus IX71microscope. Then, the cell-free zone in the scratch was
measured, and results were expressed as the reduction index of the
scratched area.

Boyden Chamber-Based Cell Migration Assay

Migration of AdMSCs was assessed using Boyden’s chamber method
with hanging cell culture inserts (24 wells, 8-mm pore; Millipore). The
lower chamber was filled with growth media, and then 15,000 cells
were plated in the top chamber using serum-free medium to promote
cell migration through the pores of the membrane (n = 3–5 repli-
cates). For stimulation assays, PDGF-BB was added to the upper
and lower chambers. The cells were incubated at 37�C in a 20% O2

and 5% CO2 humidified atmosphere and allowed to migrate for
48 hr. After incubation, non-migrated cells on the upper side of the
inserts were removed by using a cotton swab. Migrated cells on the
lower side of the inserts were fixed with 4% paraformaldehyde and
stained with 0.5% cresyl violet. Then, 9 random fields per membrane
were imaged and counted for comparison using an Olympus IX71
microscope.

alamarBlue Assay

AdMSCs were seeded onto 96-well plates (1,500 cells per well) in
growth media and allowed to attach for 24 hr. Then, alamarBlue re-
agent (Life Technologies) was added to each well at a concentration of
10%, following the manufacturer’s recommendations. The ala-
marBlue reduction was measured over time at 570- and 600-nm
absorbance using a Varioskan Flash microplate reader (Thermo Elec-
tron, Vantaa, Finland). Wells containing culture medium without
cells were included as negative controls.

Flow Cytometry

AdMSCs were harvested and subjected to flow cytometry for pheno-
typic study using the molecular markers CD13, CD29, CD31, CD34,
CD45, CD73, CD90, CD105, and HLA II. A BrdU Flow kit was used
to determine cell proliferation (BD Biosciences, San Jose, CA). An
annexin V/propidium iodide apoptosis detection kit was used to
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evaluate cell death (Immunostep, Salamanca, Spain). TF and
PDGFRb expression was also assessed by flow cytometry. The appro-
priate isotypes were included in each assay (see Table S2 for antibody
information). Data were analyzed using an ACSCalibur Flow Cytom-
eter (BD FACSCalibur cytometry system).

Immunocytochemistry

Subconfluent cells grown on glass coverslips were fixed with 4% para-
formaldehyde (n = 4–15 replicates). Cells were incubated in 10%
normal goat serum for 1 hr at room temperature, followed by over-
night incubation with primary antibodies at 4�C. Then, cells were
washed and incubated with the appropriate secondary antibodies
conjugated with fluorophores (see Table S2 for antibodies informa-
tion). Hoechst 3342 nucleic acid stain (Sigma-Aldrich) was used to
detect cell nuclei. Coverslips were then mounted with fluorescent
mounting medium (Dako, Glostrup, Denmark) on a glass slide.
Fluorescence labeling was examined using an Olympus IX71 micro-
scope equipped with DPController and DPManager software (Center
Valley, PA).

Western Blot

Harvested cells were lysed for protein extraction using radioimmuno-
precipitation assay (RIPA) buffer (Sigma-Aldrich), supplemented
with a protease and phosphatase inhibitor cocktail. Proteins from
whole-cell lysates (30 mg) were resolved using 10% Tris-glycine gel
electrophoresis and transferred onto a nitrocellulose membrane
(Whatman, Dassel, Germany). Membranes were then blocked with
5% non-fat milk and probed with primary antibodies (see Table S2
for antibody information). Detection was performed with the appro-
priate horseradish peroxidase-conjugated secondary antibodies using
an enhanced chemiluminescence reagent (GE Healthcare Life Sci-
ences). Densitometric analyses for the blots were performed using
ImageJ software (v.1.4r; NIH, Bethesda, MD). Data were collected
from three independent experiments.

Measurement of Human tPA and PAI-1 Secretion

Levels of tPA and PAI-1 secreted in the media were measured using
pre-coated ELISA plates (eBioscience, San Diego, CA) according to
the manufacturer’s instructions and as previously described.13,64

The tPA and PAI-1 concentrations were determined using the SkanIt
Software for Varioskan Flash (v.2.4.1) (n = 4 replicates).

Measurement of Human PDGF

Levels of PDGF-AA and PDGF-BB was measured in conditioned
media and serum samples using the Quantikine ELISA kit (R&D Sys-
tems, Minneapolis, MN) according to the manufacturer’s instruc-
tions. Absorbance was determined using the SkanIt software for Var-
ioskan Flash (v.2.4.1) (n = 2 replicates).

Fibrin Gel Assay and D-dimer Detection

Fibrin gels were prepared as previously described.11 Following poly-
merization, 1 mL growth media with or without PDGF-BB was added
to the clotted fibrin gels. Medium was collected 24 and 73 hr later for
D-dimer detection using the D-Dimer Human SimpleStep ELISA kit
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(Abcam, Cambridge, UK) according to the manufacturer according
to the manufacturer’s instructions. Gels were fixed in 4% paraformal-
dehyde and processed for H&E staining (n = 3 replicates).

RNA Extraction and qRT-PCR

RNA was isolated from AdMSCs using the easy-blue total RNA
extraction kit (iNtRON Biotechnology, Seongnam, Korea). Total
RNA (1 mg) was used to synthesize cDNA with Moloney murine leu-
kemia virus (M-MLV) reverse transcriptase (Promega, Madison,WI).
A 96-well custom array panel (Roche Diagnostics, Basel, Switzerland)
was designed to quantify the expression of genes involved in coagula-
tion and fibrinolysis by qRT-PCR using a LightCycler 480 instrument
(Roche).We used 35 ng of the synthesized cDNA and LightCycler 480
Probes Master (Roche) with the following thermocycling conditions:
10 min at 95�C followed by 45 thermal cycles of 95�C for 10 s, 60�C
for 30 s, and 72�C for 1 s. The target genes were amplified and
analyzed with LightCycler 480 Software 1.4.9 (Roche), using triplicate
samples. The relative gene expression was normalized using peptidyl-
prolyl isomerase A (Ppia) and ribosomal protein large P0 (Rplp0) as
housekeeping genes (see Table S3 for primers information). Data
were collected from three independent experiments.

Animals

Two-month-old female SCID mice (CB17/lcr-Prkdcscid/lcrlcoCrl)
were purchased from Charles River Laboratory (Barcelona, Spain).
All animals (n = 15) were housed under a 12-hr light/dark cycle
with food and water available ad libitum. Animals were randomly
distributed into five groups: non-wounded mice injected with
AdMSCs (n = 3), wounded mice injected with C-AdMSCs (n = 3),
wounded mice injected with C-AdMSCs + PDGF (n = 3), wounded
mice injected with D-AdMSCs (n = 3), and wounded mice injected
with D-AdMSCs + PDGF (n = 3). All animal procedures were re-
viewed and approved by the Animal Experimentation and Ethics
Committee of CABIMER and conform to all relevant regulatory
standards.

Preparation of Labeled AdMSCs

C-AdMSCs and D-AdMSCs were grown until subconfluence and
either exposed or not to PDGF-BB for 24 hr. Then, cells were trypsi-
nized and incubated with 320 mg/mL XenoLight DiR fluorescent dye
(PerkinElmer, Boston, MA) for 30 min at 37�C according to the man-
ufacturer’s instructions. Before transplantation, free dye was removed
by washing labeled cells in PBS.

Cutaneous Wound Model and AdMSC Transplantation

A sterile incision wound of 10 mm in length was made on the right
side of the abdomen of shaved, anesthetized mice. The incision was
immediately sutured. The next day, XenoLight DiR-labeled AdMSCs
(2.5� 105 cells in 200 mL of PBS) were transplanted via lateral tail vein
into SCID mice. Animals were subsequently monitored daily using
the IVIS Imaging System 200 Series (Caliper Life Science, Hopkinton,
MA) to examine in vivo cell distribution over 15 days. Fluorescence
intensity in the wound area was analyzed using Living Image 3.2 soft-
ware (Caliper Life Sciences). Non-wounded mice were also injected
with the same dose of cells and used as control. Wound tissues
were collected at day 4 for histological analysis. After fixation with
4% paraformaldehyde, tissue was paraffin embedded, and 7-mm-
thick sections were obtained for H&E staining, as well as for
immunohistochemistry.

Statistical Analysis

Data were expressed as mean ± SEM and analyzed using SigmaPlot
12.5 software (Jandel Scientific, San Rafael, CA). Student’s t test was
performed to compare two experimental groups, while ANOVA
was performed to compare multiple groups. For samples that were
not normally distributed, the non-parametric Mann-Whitney
U test was used. The differences were considered significant at a
p value of less than 0.05.
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Table S1. Information of patient samples used in this study. 

Donor Condition Treatment (dose 

of infused cells) 

Adverse 

reaction 

Sample obtained Figures where samples were 

used 

Donor 1 healthy none no 

 

C-AdMSC 1, 2, 3, 4, 5, 6, S1, S3, S4 

Donor 2 T2DM and CLI 5·105 cells/kg yes 

 

D-AdMSC 1, 2, 3, 4, 5, 6, S1, S3 

Donor 3 

 

T2DM and CLI 5·105 cells/kg no DEf-AdMSC 1 S4 

Donor 4 

 

T2DM and CLI 5·105 cells/kg no DEf-AdMSC 2 S4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

Table S2. List of primary antibodies used in this study 

Antibody Species, type Dilution Application Cat. number, manufacturer 

CD105 mouse IgG1 k 1:20 Flow cytometry 560839, BD Biosciences (San Jose, 

CA) 

CD13 

mouse IgG1, k 1:20 Flow cytometry 347406, BD Biosciences  

CD29 mouse IgG1 k 1:20 Flow cytometry 555443, BD Biosciences 

CD31 mouse IgG1 k 1:20 Flow cytometry 555445, BD Biosciences 

CD34 mouse IgG1 k 1:20 Flow cytometry 555822, BD Biosciences 

CD45 mouse IgG1 k 1:20 Flow cytometry 345808, BD Biosciences 

CD73 mouse IgG1 k 1:20 Flow cytometry 550257, BD Biosciences 

CD90 mouse IgG1 k 1:20 Flow cytometry 555595, BD Biosciences 

HLA II mouse IgG2a, k 1:20 Flow cytometry 555558, BD Biosciences 

TF mouse IgG1 k 1:5 Flow cytometry  550312, BD Biosciences 

Human nuclei mouse IgG1 1:200 Immunocytochemistry 
MAB1281, Millipore (Billerica, 

MA) 

Ki67 mouse IgG1 1:150 Immunocytochemistry 
NCL-L-Ki67-MM1, Leica 

(Barcelona, Spain) 

TF mouse, IgG1 1:250 Immunocytochemistry   
Sc-393657, Santa Cruz (Santa 

Cruz, CA) 

PDGFRβ rabbit 1:100 

1:1000 

Immunocytochemistry 

Western blot 

Sc-432, Santa Cruz  

pSMAD 2 

(Ser465/467) 

rabbit 1:350   

1:1000 

Immunocytochemistry 

Western blot 

3103, Cell Signaling 

ERK 1/2 rabbit 1:1000 Western blot 9102, Cell Signaling (Beverly, 

MA) 

GAPDH rabbit, IgG 1:1000 Western blot 2118, Cell Signaling 

pERK 1/2 

(Thr202/Tyr204) 

mouse IgG 1:2000 Western blot 9106, Cell Signaling 

pPDGFRβ (Tyr716)                                                     rabbit 1:1000 Western blot Sc-16569, Santa Cruz 

SMAD 2/3 rabbit, IgG 1:1000 Western blot 8685, Cell Signaling 

 

 

 

 

 

 



 

 
 

Table S3. Sequences of RT-qPCR primers used in this study  

Genes Forward primer Reverse primer 

Mmp2 TATTTGATGGCATCGCTCAG ACAGTCCGCCAAATGAACC 

Ppia TTCATCTGCACTGCCAAGAC CACTTTGCCAAACACCACAT 

Rplp0 TCGACAATGGCAGCATCTAC GCCAATCTGCAGACAGACAC 

Tf CAGCCCGGTAGAGTGTATGG CCACAGCTCCAATGATGTAGAA 

Tfpi GGTTCCCAGCCTTTTTGAAT TGGCACGACACAATCCTCT 

Timp1 CTGTTGTTGCTGTGGCTGAT AACTTGGCCCTGATGACG 

Timp2 GAAGAGCCTGAACCACAGGT CGGGGAGGAGATGTAGCAC 

α2-antiplasmin TGAAACACCAAATGGACCTG GGCCTGGAACAACTCCTG 
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