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Methods
1. Collection of HSCT recipient bone marrow and donor blood samples
2. MSC from the recipient bone marrow will be differentiated towards endothelial cells -> Endothelial like MSC 

(eMSC) 
• 10 ng/ml VEGF, 10 ng/ml EGF, 10 ng/ml FGF (GF) and 2% human serum (HS)
• Hypoxia (1% O2)
• Shear stress (6-20 dyn/cm2)

3. Immortalization of eMSC to establish a robust and continuously growing cell line -> eMSCi
• Lentivial vectors containing hTERT and CDK4 (SirionBiotech)

4. Co-culture of recipients eMSCis and donor CD8+ lymphocytes -> Evaluation of the specific endothelial toxicity by 
CD8+ T cells (Risk stratification of patient donors pairs in terms of the development of endothelial damage)

5. Repeat the cytotoxicity experiments with platelet rich plasma and serum to determine the effect of platelets and 
complement activation on endothelial damage

6. Repeat the experiments with various drugs to prevent endothelial damage 

Aim

To develop an individualised, risk-adapted approach to endothelial protection that can then be utilised in vivo to

minimise endothelial related complications post HSCT.

Introduction
Haematopoietic stem cell transplantation (HSCT) is the only curative option for certain leukaemias and other cancers
that cannot be cured by chemotherapy alone. However, HSCT is not without risk and mortality of paediatric HSCT
approaches 25%.

Endothelial damage plays an important role in transplant
related mortality from veno-occlusive disease of the liver,
thrombotic microangiopathy and graft versus host disease.
This ensues from toxicity of the conditioning
chemoradiotherapy and alloreactivity of donor lymphocytes, a
subset of which are specific to endothelium.

Not all transplant recipients will suffer endothelial damage
and it has been historically difficult to predict who will be
affected. By culturing donor white cells with patient-specific
endothelial cell lines generated in the laboratory from
Mesenchymal Stem Cells (MSCs), we aim to quantify the risk
of endothelial damage for individual donor-recipient pairs.
These culture experiments can then be used to identify which
patient-donor pairs are most likely to suffer severe endothelial
damage and the optimal timing and combinations of
endothelial protectants to be used during the peritransplant
period, because even is many endothelial-protectant drugs as
defibrotide (DF) are available currently, their optimal role in
prophylaxis during transplant is still poorly defined.

The vascular endothelium it�s considered the gate to the
immune system.

1. Differentiation of MSC towards endothelial cells
1.1 Morphology change of eMSCs

1.2 eMSCs formed capillary-like structures on Matrigel:

1.3 eMSCs express von Willebrand Factor (vWF)

1.4 Hypoxia enhances vWF expression of eMSCs
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undifferentiated GF+HS only GF+HS+Hypoxia

Umbilical Cord-MSC (UC-MSC) 7d differentiation assay (10x objective)
1.5 Hypoxia induces endothelial markers expression (CD31, CD144)

2. Specific Lysis of Endothelial Cells (EC) induced by EC specific CTL

✓ ✓ Growth Factors

✓ ✓ Human Serum

✗ ✓ Hypoxia

Growth Factors ✗ ✓ ✓
Human Serum ✗ ✓ ✓
Hypoxia ✗ ✗ ✓

Human Umbilical Vein Endothelial Cells (HUVECs) as Positive control
Photo taken after 6h in Matrigel.

HUVEC Undifferentiated GF+HS

Immortalized Bone Marrow derived MSCs (hTERT20 BM-MSCs) 3 days differentiation assay

unlabelled

FITC-CD31 labelled

undifferentiated GF+ HS only Hypoxia only GF+HS +Hypoxia

unlabelled

APC-CD144 labelled

Immortalized Bone Marrow derived MSCs (hTERT20 BM-MSCs) 5 days differentiation assay

vWF
DAPI

HUVEC 20x

Undifferentiated 20x GF+HS 20x

Immortalized Bone Marrow derived MSCs (hTERT20 BM-MSCs) 3 days differentiation assay

GF+HS 20x GF+HS+Hypoxia 20x

n= 16 n=14

****:p<0.001

Umbilical Cord-MSC (UC-MSC) 7d differentiation assay (20x objective)
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Results
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CD8+ CTL selection
via microbeads (“untouched”)
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Incubation of targets with CD8+ 
T-Cells (Effector Cells)
4 hours
IL-2 Medium

Target
Cell

Target Cells stained with DIOC(18)3:  
3,3�-dioctadecyloxacarbocyanine 
perchlorate
(green fluorescence membrane dye)

Cytotox assay-targets: HMEC, SK-HEP, K562

DiO labelled
Target Cells

Optional:
MSCs added,
HMEC:MSC= 5:1

What’s Next ?

• Apply shear stress in differentiation assay for stable endothelial marker
expression

• Use eMSCi in Cytotoxicity Assay as target
• Test immunomodulation of Hypoxia/IFN-γ dual treated MSCs against CD8+ CTL.
• Apply immortalization on primary MSCs (Lentiviral vectors transduction)

*This research is funded by National Children’s Research Center

HMEC: SV40-largeT-transformed human microvascular endothelial cell
line (Ades et al., J Invest Dermatol 1992)

SK-HEP-1: immortal human endothelial cell line (Heffelfinger et
al., In Vitro Cell Dev Biol 1992)

• Specific lysis of HMECs can be inhibited by w6/32 (anti-MHC-cl.I
mab) 

• Immunomodulation of MSC on specific lysis of SK-HEP

Cytotoxicity Assay-SK-HEP


