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Lentiviral vector generation. Third generation self-inactivating LVs were produced as previously published.1 Briefly, 

293T cells were expanded and transiently transfected by the calcium phosphate precipitation method with four plasmids 

encoding for two core packaging constructs (pMDLg/pol and pRSV-Rev), the envelope construct (pMD.VSV.G), and the 

transfer vector construct (pVEC.hBDD-FVIII.LV or pVEC.GFP.LV). The cell supernatant was harvested, and LV 

particles were concentrated by ultracentrifugation. For GMP-grade production of LV, the KR2i TFF System® (Spectrum 

Lab) was used according to the manufacturer’s protocol. The product is ISO 9001:2008 certified. The system consists of 

a digital peristaltic pump, man/machine interface with a graphical LCD display, digital pressure monitor, KR2i Easy-

Load Pump head, Automatic Backpressure Valve, filter module stand, and a real-time data collection software. The 

Tangential Flow Filtration (TFF) System uses a constant turbulent flow along a porous membrane to eliminate impurities 

from the sample. The tangential flow along the membrane prevents the accumulation of material on the membrane surface, 

as opposed to the classical “dead-end filtration”, and allows the maximum recovery with high purity of the product.  

 Analysis of lentiviral vector copy number. Genomic DNA from LV-VEC.hBDD-FVIII and LV-VEC.GFP 

transduced BOECs was isolated using ReliaPrep gDNA Tissue Miniprep System (Promega). Real-time qPCR was used 

to evaluate the integrated LV copy numbers per cell in the DNA. Primers used for the qPCR recognize the Wpre sequence: 

Forward TTGCTTCCCGTATGGCTTTC, Reverse AGCTGACAGGTGGTGGCAAT. Finally, TU/ml was calculated 

with the following formula: TU/ml = (LV copies/cell × No. of transduced cells) / LV volume (expressed in ml).  

 Evaluation of HIV-1 p24 in culture medium of transduced BOECs. The presence of HIV-1 p24 was evaluated in 

culture medium of transduced cells after several time points and passages. Samples were analyzed using Liaison® XL 

(Diasorin) in the Virology Laboratory of the Hospital (Ospedale Maggiore della Carità di Novara, Italy).  

 RNA isolation and RT-PCR. Total RNA was isolated by Isol-RNA Lysis Reagent (Invitrogen). One μg of RNA 

was treated with DNase I (Thermo Scientific), and cDNAs were obtained using the RevertAid First Strand cDNA 

Synthesis Kit (Thermo Scientific). All PCRs were performed with GoTaq® Flexi DNA Polymerase (Promega). Primers, 

annealing temperatures, and product sizes are listed below in Supplemental Table 1. PCR products were resolved in 2% 

agarose gels using 100 bp DNA ladder (Thermo Scientific). 

 In vitro tubulogenesis assay. Pure Matrigel (BD Bioscience) was added to each well of a 24-well tissue culture 

plate and allowed to solidify at 37°C for 1 h. A cell suspension containing 105 BOECs, resuspended in culture medium, 

was placed on top of the Matrigel. Plates were incubated at 37°C, 5% CO2 and observed and imaged at 16 h to detect 

capillary-like structure formation using an inverted microscope Leica ICC50. 

 Flow cytometry analysis. BOECs were characterized by flow cytometric analysis using antibodies listed in 

Supplemental Table 2. For each sample, 1.5×105 live events were acquired either on the Attune NxT Acoustic Focusing 

Cytometer (ThermoFisher Scientific, Waltham, MA, USA) or on BD FACSCanto II. Data were analyzed by FCS Express 

6 (DeNovo Software, Glendale, CA, USA) or using FlowJo Software V10.6 (FlowJo LLC).  

 Histopathological staining and analysis of samples from Cell Pouch™. Sernova Cell Pouches™ with 

transplanted FVIII-BOECs were explanted from the mice, dissected into segments, fixed in 10% neutral buffered 

formalin, and paraffin-embedded. Sections (5-6 µM-thick) were stained with hematoxylin and eosin (H&E) and Masson’s 

Trichrome (Nucro-Technics, Scarborough, Ontario).  

 Immunostaining. For immunofluorescence (IF) staining, BOECs were cultured on plastic and fixed in PFA 4%, 

for nuclear staining permeabilized in 0,5% PBS-Triton X100 and then incubated with blocking buffer (BB, 5% goat 

serum, 1% BSA, 0.1% Triton X-100 in PBS) at room temperature (RT). Mouse tissues were fixed in 4% PFA, equilibrated 

in sucrose, and embedded in cryostat embedding medium (Bio-Optica). Cryostat sections of 4-μm thickness were blocked 

in BB, incubated with primary antibody at RT, and then incubated in the dark at RT with the secondary antibody. The  

Cell Pouch™ with transplanted FVIII-BOECs was explanted from each animal, dissected into segments, and immediately 

cryopreserved in Tissue-Tek® O.C.T. compound (VWR) using an isopentane (2-methylbutane)/dry ice slurry (-70C), 

and stored at -80C. Prior to staining, cryostat sections (5-6 µm) were air-dried and pre-treated by immersion in cold 

acetone (-20C), followed by washes in tris-buffered saline (TBS). Sections were blocked in TBS containing 10% goat 

serum and 1% BSA. A list of the antibodies used in these experiments is provided in Supplemental Table 3. 

 Histology analysis and preservation techniques of tissues. Following explantation, gross observations of Cell 

Pouches™ were made and images taken just prior to further histological processing. The 1 Plug Cell Pouches™ were 

then dissected into 3 segments (a – c) (see Figure 1). Segments ‘a’ and ‘c’ were processed for fixation in 10% neutral 

buffered formalin (Sernova Histology SOP-H900). Cell Pouches™ were washed from 10% formalin in 1X phosphate 

buffered saline (PBS) to 70% ethanol and subsequently processed for paraffin embedding. Segment ‘b’ was flash frozen 

for cryopreservation at the time of dissection using an isopentane/dry ice slurry and embedded in optimal cutting 

temperature compound (O.C.T.) (Sernova Histology SOP-H936). Cryopreserved or paraffin-embedded segments were 

then serially sectioned with a cryostat or microtome, respectively. 

 Preparation of slides and high-resolution images with description of tissue stains. Prior to staining or 

immunohistochemistry (IHC) analysis, sections were deparaffinized and rehydrated. Sections were stained with H&E for 

either formalin-fixed paraffin embedded (FFPE) or cryopreserved tissues.  Masson’s trichrome staining was performed 

on FFPE (Nucro-Technics, Scarborough, Ontario). For IHC staining, cryopreserved O.C.T. embedded tissues were dried, 

pre-treated with fixation and permeabilization with cold acetone (-20 ºC, 10 min) and stained to detect microvessel 



formation with von Willebrand factor (vWF). For human cell detection, sections were stained with a human leukocyte 

antigen (HLA-ABC) antibody. High resolution images and full slide scanning of the sections were imaged with an 

EVOS™ FL Auto 2 Imaging System (Invitrogen™, ThermoFisher Scientific) for both light microscopy (H&E and 

Masson’s Trichrome) and fluorescent IHC (vWF/HLA). 

 Analysis methodology. The following histological assessment was conducted on the serial sections of formalin-

fixed paraffin embedded (FFPE) segments taken within the chambers of each of the Cell Pouches™ from the animals 

across the doses and explanation time points: 1) stromal development, including type, distribution, and maturity; 2) 

vascularity, including neovascularization, established vessels, and their respective relationship to the chamber area; 3) 

inflammation, including type and relative abundance; and 4) hemorrhage.  Masson’s trichrome stains were assessed for 

collagen deposition as a marker of stromal maturity. Histological variables were assessed in a semi-quantitative fashion: 

- absent; + mild; ++ moderate; and +++ marked. 

 A histological assessment was conducted of the serial sections of frozen embedded segments taken within the 

chambers of each of the Cell Pouches™ from the animals across the doses and explanation time points: 1) cell transplant 

survival; 2) interactions and development post-transplant; 3) interactions of the surrounding pre-vascularized tissue of the 

Cell Pouch™; and 4) blood vessel formation relative to transplant cells. Histological variables were assessed in a semi-

quantitative fashion: - negative (no staining); +/- equivocal staining; + mild positivity; ++ moderate positivity; +++ 

marked positivity; n/a image not available. 

 For histological assessment the slides and high-resolution images were sent to a certified pathologist for analysis. 

The assessment was conducted in a blinded-fashion, with no knowledge of the animal time points. The assessment was 

unblinded for writing the final report. Pathological definitions were as follows: Fibroblastic stroma – mesenchymal tissue 

consisting of fibroblastic cells and the extracellular matrix, including variable collagen produced by these cells; Collagen 

– usually a fibrillar protein within the extracellular matrix of connective tissue that provides mechanical strength to the 

tissues; Neovascularization – tiny, immature capillary-like vessels arising during new blood vessel formation and growth. 



 

 

Figure S 1.  (A) List of hemophilic patients from whom BOECs were isolated. (B) Average number of colonies calculated 

on 106 PBMCs cultured. Statistical analysis was performed using t-test, non-parametric, p-value 0.098. (C) Representative 

histograms for GFP evaluation by FACS analysis in healthy and HA BOECs transduced with an MOI of 20. 



 

Figure S2. (A) qPCR analysis of integrated LV copy number/cell. (B) aPTT assay on supernatant of transduced and non-

transduced healthy and HA BOECs (C) Antigen assay on supernatant of transduced and non-transduced healthy and HA 

BOECs. Data are expressed as mean ± SD and are representative of four independent experiments.  (D) HIV-1 p24 

analysis on medium of non-transduced and transduced and healthy and HA BOECs at different MOIs. 

 

 

 

 



Table S1. Histological features of NSG-HA Cell Pouches™ transplanted with FVIII-BOECs (H&E and Trichrome). 

*present immediately adjacent to Cell Pouch™  

 

 

 

Animal ID Inflammation Fibroblastic 

stroma 

Collagen 

deposition 

Neovascularization Established 

vessels 

Hemorrhage 

Cell Lot HA1, 4 weeks, 10×106 (Dose 1) 

396-LEP - +++ + ++ * - 

398-REP - +++ ++ ++ ++ - 

Cell Lot HA1, 4 weeks, 5×106 (Dose 2) 

397-LEP - + + + * - 

397-BEP - +++ +++ ++ ++ - 

Cell Lot HA1, 4 weeks, 2×106 (Dose 3) 

398-BEP - +++ + ++ * - 

Cell Lot HA1, 8 weeks, 10×106 (Dose 1) 

405-NEP - +++ +++ ++ ++ - 

Cell Lot HA1, 8 weeks, 5×106 (Dose 2) 

414-NEP - +++ + ++ + - 

415-BEP - +++ +++ ++ + - 

Cell Lot HA1, 8 weeks, 2×106 (Dose 3) 

402-LEP - +++ ++ ++ ++ - 

405-REP - ++ + ++ + - 

413-LEP - ++ +++ ++ * - 

Cell Lot HA1, 12 weeks, 10×106 (Dose 1) 

399-NEP - +++ ++ ++ + - 

413-BEP - +++ +++ ++ ++ - 

Cell Lot HA1, 12 weeks, 5×106 (Dose 2) 

406-REP - +++ ++ ++ * - 

406-NEP - +++ ++ ++ + - 

411-BEP - +++ +++ + ++ - 

Cell Lot HA1, 12 weeks, 2×106 (Dose 3) 

396-REP - +++ +++ + + + 

398-NEP - +++ ++ ++ + - 

399-BEP - +++ ++ ++ + - 

Cell Lot HAA, 4 weeks, 10×106 (Dose 1) 

520-RREP - +++ ++ ++ ++ - 

Cell Lot HAA, 4 weeks, 5×106 (Dose 2) 

523-LEP - +++ ++ ++ + - 

Cell Lot HAA, 8 weeks, 10×106 (Dose 1) 

520-NEP - +++ +++ ++ + - 

524-LEP - +++ +++ ++ ++ - 

Cell Lot HAA, 8 weeks, 5×106 (Dose 2) 

523-REP - +++ ++ ++ ++ - 

Cell Lot HAA, 12 weeks, 10×106 (Dose 1) 

522-RREP - +++ ++ ++ ++ - 

524-BEP - +++ ++ ++ ++ - 

Controls (no cell transplant) 

4 weeks 

525-REP - ++ ++ ++ + - 

8 weeks 

521-RREP - +++ ++ ++ ++ - 

525-RREP - +++ + ++ ++ - 

12 weeks 

403-NEP - +++ + ++ + - 

521-BEP - +++ ++ ++ ++ - 

525-BEP - +++ ++ ++ ++ - 



Table S2. Immunofluorescence of NSG-HA Mouse Cell Pouches™ transplanted with FVIII-BOECs. 

Animal ID HLA-ABC (red) vWF (green) 

Cell Lot HA1, 4 weeks, 10×106 (Dose 1) 

396-LEP + + 

398-REP + + 

Cell Lot HA1, 4 weeks, 5×106 (Dose 2) 

397-REP + + 

397-LEP n/a n/a 

414-LEP +/- + 

Cell Lot HA1, 4 weeks, 2×106 (Dose 3) 

398-BEP - ++ 

Cell Lot HA1, 8 weeks, 10×106 (Dose 1) 

405-NEP ++ - 

Cell Lot HA1, 8 weeks, 5×106 (Dose 2) 

414-NEP + n/a 

415-BEP +/- + 

Cell Lot HA1, 8 weeks, 2×106 (Dose 3) 

402-LEP +/- + 

405-REP +/- + 

413-LEP n/a n/a 

Cell Lot HA1, 12 weeks, 10×106 (Dose 1) 

399-NEP - n/a 

413-BEP +/- + 

Cell Lot HA1, 12 weeks, 5×106 (Dose 2) 

406-REP + + 

406-NEP +/- ++ 

411-BEP +/- + 

Cell Lot HA1, 12 weeks, 2×106 (Dose 3) 

396-REP +/- + 

398-NEP + + 

399-BEP +/- + 

Cell Lot HAA, 4 weeks, 10×106 (Dose 1) 

520-RREP ++ ++ 

Cell Lot HAA, 4 weeks, 5×106 (Dose 2) 

520-REP ++ + 

523-LEP +++ +++ 

Cell Lot HAA, 8 weeks, 10×106 (Dose 1) 

520-NEP ++ + 

524-LEP + + 

Cell Lot HAA, 8 weeks, 5×106 (Dose 2) 

523-REP - +++ 

Cell Lot HAA, 12 weeks, 10×106 (Dose 1) 

522-RREP ++ ++ 

524-BEP +++ + 

Controls 

4 weeks 

525-REP - ++ 

8 weeks 

521-RREP - N/A 

525-RREP - + 

12 weeks 

403-NEP - + 

521-BEP - + 

525-BEP - + 

- negative (no staining); +/- equivocal staining; + mild positivity; ++ moderate positivity; +++ marked positivity; N/A 

image not available 

 



Table S3. Summary of sequencing reads and IS retrieved by group. Non redundant IS (column N.IS) retrieved from 

Healthy or HA Donors and transduced with VEC-FVIII or VEC-GFP were grouped. IS shared between different time 

points of the same transduction are counted once. 

 



Table S4. Gene Ontology (GO) enrichment for Molecular Function and Biological Process. IS coordinates from IS 

retrieved from HA.VEC-FVIII, HA.VEC-GFP, Healthy.VEC-FVIII, and Healthy.VEC-GFP were analyzed by 

G.R.E.A.T. enrichment discovery algorithms. GO Biological Process, Molecular Function and Cellular Component 

databases highlighted significantly overrepresented gene classes. The gene classes found in at least two groups are 

highlighted in pink. 

 

 



Table S5. Common Insertion site (CIS) analysis in 2 healthy BOECs, and 4 HA BOECs. 

  

 

  



Table S6. Primers used in RT-PCR and Real Time. 

 

Gene Synthetic oligonucleotide Expected band 

ACTB 
F: 5’-GAGAAAATCTGGCACCACACC-3’ 

412 bp 
R: 5’-CGACGTAGCACAGCTTCTC-3’ 

KDR 
F: 5'- TGCAAGGACCAAGGAGACTATGT -3' 

459 bp 
R: 5'- TAGGATGATGACAAGAAGTAGCC -3' 

TEK 
F:  5’-AGACCAGCACGTTGATGTGA-3’ 

127 bp 
R: 5’-TGGGTTGCTTGACCCTATGT-3’ 

CDH5 
F: 5'-CAGCCCAAAGTGTGTGAGAA-3' 

162 bp 
R: 5'-TGTGATGTTGGCCGTGTTAT-3' 

PECAM1 
F: 5'-AGGTCAGCAGCATCGTGGTCAACAT-3' 

469 bp 
R: 5'-GTGGGGTTGTCTTTGAATACCGCAG-3' 

VWF 
F: 5'- TGGAGTACCCCTTCAGCGAG -3' 

263 bp 
R: 5'- GTTGGCATTAGGGCCCACTC -3' 

F8 A2-A3 domain 
F: 5'- TGCCACAACTCAGACTTTCG-3' 

184 bp 
R: 5'- GATGGCGTTTCAAGACTGGT -3' 

IFI27 
F: 5'- TCTGGCTCTGCCGTAGTTTT-3' 

243 bp 
R: 5'- GAACTTGGTCAATCCGGAGA -3' 

CDH11 
F: 5'- TGGCAGCAAGTATCCAATGG-3' 

200 bp 
R: 5'- TTTGGTTACGTGGTAGGCAC-3' 

NRCAM 
F: 5'- TCCAGAAGGCAATGCAAGTA-3' 

117 bp 
R: 5'- AGCATTCCATCTTCCTTTGC -3' 

COL4A1 
F: 5'- GGCCTATGAGTCCTGGGTAC -3' 

146 bp 
R: 5'- TGGATTTCAGGGGATGCCAG -3' 

ENG 
F: 5'- CCACTGCACTTGGCCTACA -3' 

107 bp 
R: 5'- GCCCACTCAAGGATCTGG -3' 

GATA3 
F: 5'- GAACCGGCCCCTCATTAAG-3' 

216 bp 
R: 5'- CTTGCATATCTGACCTATTCTAGCGTG-3' 

ITGA5 
F: 5'- TGCAGTGTGAGGCTGTGTACA -3' 

88 bp 
R: 5'- GTGGCCACCTGACGCTCT -3' 

ETS-1 
F: 5'- CATATCAAGTTAATGGAGTC-3' 

268 bp 
R: 5'- TGTTTGATAGCAAAGTAGTC -3' 

ETS-2 
F: 5'- GTGGAGTGAGCAACAGGTAT-3' 

282 bp 
R: 5'- CCAAAACCTAATGTATTGCTG -3' 

Wpre/ dNEF 
F: 5'- TCTGGCTCTGCCGTAGTTTT-3' 

200 bp 
R: 5’- GGCTAAGATCTACAGCTGCCTTG-3’ 

 

 
Table S7. Antibodies used for FACS staining.  

 

 

Antibody Reactivity Manufacturer Format 

CD45  Human 
clone 32D12, 

Miltenyi Biotec 
PE 

Isotype mouse IgG1  

ThermoFisher 

Scientific 

 

PE 

CD34  Human 

clone 

4H11[APG], 

Invitrogen 

PE 

Isotype mouse IgG1  

ThermoFisher 

Scientific 

 

PE 

Anti -mouse Mouse 
Thermo 

Scientific 
488 

FVIII Human 

Clone GMA-

8015,  

Green Mountain 

Not 

conjugated 



KDR  Human 
clone ES8-20E6, 

Miltenyi Biotec 
PE 

Isotype mouse IgG1  
ThermoFisher 

Scientific 
PE 

Tie-2  Human 
clone REA198, 

Miltenyi Biotec 
PE 

REA Control Antibody, 

human IgG1, REAfinity 

(REA293) 

 Miltenyi Biotec PE 

CD31  Human 
clone MEM-05; 

Invitrogen 
APC 

Isotype mouse IgG1  
ThermoFisher 

Scientific 
APC 

VE-cadherin Human 
clone REA199, 

Miltenyi Biotec 
PE 

    

REA Control Antibody, 

human IgG1, REAfinity 

(REA293) 

 Miltenyi Biotec PE 

 

 

 

 

 

 
Table S8. Antibodies used for immunofluorescence staining.  

 

Primary antibodies Host  Reactivity Manufacturer Dilution 

FVIII Mouse Human 

Clone GMA-8015,  

Green Mountain 1:100 

CD31 Mouse Human BD Bioscience 1:100 

HLA-ABC Rat Human 

Novus Biologicals, clone 

YTH862.2 1:150 

von Willebrand Factor  Rabbit H, M, R Millipore 1:100 

GFP Rabbit   Life Technologies 1:300 

 

Secondary antibodies Fluorophores Manufacturer Dilution 

Goat anti-Rabbit AlexaFluor 488 or 546 Life Technologies 1:500/1:1000 

Goat anti-Rat  AlexaFluor 594  1:500 

Goat anti-Mouse AlexaFluor 488 or 546 Life Technologies 1:500 
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