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Abstract

Human pluripotent stem cells (hiPSC) represent a unique opportunity to model lung
development and chronic bronchial diseases. We generated a hiPSC line from a highly
characterized healthy heavy smoker male donor free from emphysema or tobacco related
disease. Peripheral blood mononuclear cells (PBMCs) were reprogrammed using integration-
free Sendai virus. The cell line had normal karyotype, expressed pluripotency hallmarks, and
differentiated into the three primary germ layers. The reported UHOMIi007-A iPSC line may
be used as a control to model lung development, study human chronic bronchial diseases and
drug testing.
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1. Introduction

Resource Table:
Unique stem cell line identifier
Alternative name(s) of stem cell line
Institution

Contact information of distributor

Type of cell line

Origin

Additional origin info required for
human ESC or iPSC

Cell Source

Clonality
Method of reprogramming

Genetic Modification

Type of Genetic Modification

Evidence of the reprogramming
transgene loss (including genomic
copy if applicable)

Associated disease

Gene/locus

Date archived/stock date

Cell line repository/bank

Ethical approval

UHOMi007-A

SMOKI1

Institute for Regenerative Medicine &
Biotherapy (IRMB)

John De Vos

john.devos@inserm. fr

iPSC

Human

Age: 51

Sex: male

Ethnicity if known: Caucasian
Peripheral Blood Mononuclear Cells
(PBMCs)

Clonal

Sendai virus method with the CTS™
CytoTune™-iPS 2.0

Sendai Reprogramming Kit

NO

N/A
Negative by PCR

Healthy patient

N/A

30.01.2020

hPSCreg website: https://hpscreg.eu/c
ell-line/UHOMIiO07-A

The study was approved by the regional
scientific ethical committee (CPP Sud Med
IV) under the number ID-RCB: INVECCO
Clinical Trials.gov Identifier:
NCTO03181204, Promoter University
Hospital of Montpellier) and informed
consent was obtained from the patient.

2. Resource utility

UHOMI007-A iPSC line was generated from a healthy heavy smoker donor. This cell line is
used as a control with other cell lines derived from patients with severe chronic obstructive
pulmonary disease (COPD) disease (Ahmed et al., 2021), for lung disease modelling. This
cell line represents a unique model to investigate mechanisms of susceptibility to
environmental exposure.



3. Resource details

Peripheral blood mononuclear cells (PBMCs) were isolated from a healthy heavy smoker
patient (>50 pack years). Clinical examination was normal, the patient didn’t have any
comorbidity and thoracic computed tomography (CT) scan highlighted normal parenchyma
and airways structure, especially no emphysema. PBMCs were reprogrammed into
UHOMI007-A cell line using CytoTune-iPSC 2.0 Sendai Reprogramming Kit.

The cell line had a normal morphology (Fig 1, panel A, scale bar: 50 um). We confirmed the
absence of exogenous reprogramming vector by PCR using Sendai virus vector (SeV) specific
primers (Fig. 1B). The transgenes and viral sequences were absent after about 15 passages in
UHOMI007-A iPSC line but present in positive controls consisting of fibroblasts freshly
transduced, at 6 days post transduction (i.e.; positive control) with the Sendar virus (Fig. 1,
panel B). Karyotype analysis revealed normal number and structure of chromosomes (Fig. 1,
panel C).

Expression of pluripotency markers were assessed by immunocytochemistry, using antibodies
against human SOX2, OCT3/4, NANOG and SSEA-4 (Fig. 1, D scale bar 50 um). Expression
of pluripotency genes was evidenced by q-RT-PCR, using previously published UHOMIi002-
A healthy cell line (Hy03 iPSC line) as positive control, for SOX2, NANOG and OCT4 (Fig.
1, panel F) (Fieldes et al., 2020).

We generated embryoid body (EB) from UHOMI007-A cell line, highlighting the ability of
the iPSC line to differentiate into the three germ layers in vitro. Immunofluorescence analysis
of the EB showed that they expressed ectodermal (B-111-tubulin), mesodermal (vimentin) (Fig.
1, panel E). Endodermal protein CXCR4 was assessed by flow cytometry (Fig. 1, panel G),
with at least 89 % expression of the surface marker. The gene expression of ectoderm
(ALDH1A1, PAX6, DCX), mesoderm (GATA2, IGF2, BMP4) and endoderm (COL1Al,
SOX7) markers were also assessed by g-RT-PCR in comparison to the control cell line Hy03
(Fig. 1, panel H).

Furthermore, the identity of the UHOMIi007-A cell line was confirmed by performing short
tandem repeats (STR) DNA fingerprinting, which demonstrated a 100 % match to the PBMCs
parental sample Finally, IPSC line had a negative status for Mycoplasma contamination
(Supplemental Table 1).

4. Materials and methods

4.1. Reprogramming of PBMCs to iPSCs

PBMCs were isolated by Ficoll gradient centrifugation (Ficoll-Paque PLUS GE
Healthcare)(Vissers et al., 1988) and washed with PBS plus foetal bovine serum (FBS) 10 %.



PBMCs were cultured in StemSpan with Erythroid Expansion Medium (SSEM, StemCell
Technologies), according to the manufacturer’s instructions. The four reprogramming factors
OCT3/4, SOX2, KLF4, and C-MYC were transiently expressed in the erythroid progenitor
cells using the integration-free Sendai virus transduction method (see Table 1).

The expansion and reprogramming of erythroid progenitor cells (EPC) from PBMCs was
performed following the previously described method (Fieldes et al., 2020). Briefly, PBMCs
were amplified and differentiated into EPC in during 7 days. 500 000 EPC were then
transduced by Sendai-virus with the CytoTune®-iPS 2.0 Sendai Reprogramming Kit (Thermo
Fisher Scientific) in the StemSpan SFEM Il medium with the supplement (STEMCELL
Technologies), using the following MOI: 5/5/3 respectively for KOS, hc-Myc and hKIf4
Transfected cells were culture in StemSpan SFEM Il complemented media for 24 h. The day
after, virus clearance was performed by centrifugation (10 min, 200 rpm) and the supernatant
was discarded. Cells were cultured for 48 h extra hours in the same media, in the presence of
10 uM of Y- 27632 dihydrochloride (ROCK inhibitor, Tocris) and butyrate sodium at 0,5 mM
(Stemcell Technologies). The day after, cells were transferred on plates coated with Matrigel
and cultures for 3 days in SFEM Il media without complement in presence of ROCK
inhibitor. Cells were finally cultured E8 medium (Thermo Fisher Scientific). Colonies were
mechanically picked and isolated based on morphologic features for further clonal expansion.

4.2. Cell culture of iPSC cell lines

Smoker cell line was cultured on feeder free Geltrex matrix (Thermo Fisher Scientific) in E8
medium (Thermo Fisher Scientific). The cells were cultivated at 37 °C in normoxic
conditions/ 5 % CO2 and passaged by mechanical dissociation. They were then adapted by
passaging them using enzyme free EDTA dissociation reagent (Versene Solution, Thermo
Fisher Scientific) every week into clumps or single cells, using 1:10 split ratio.

4.3. Generation and culture of embryoid bodies

iIPS cells were dissociated into clumps and cultured in low-adhesion dishes (Falcon) in E8
medium. EB were cultured in differentiation medium composed of RPMI-1640 medium
(Gibco) with 10 % FBS (Gibco) and 1 % Penicillin-streptomycin. The medium was changed
every other day during 30 days. Afterward, the EB were plated on Geltrex-coated dishes and
cultured for an extra week. For the generation of the endoderm layer, EB cells were
dissociated and plated at high density on plates coated with Geltrex (70 k.cm2), and cultured
in the presence of B27 supplement (50x, Thermo Fisher), minus vitamin at 1 %, Activin A
(Peprotech) at 100 ng/mL, 3 uM of CHIR-99021 (Sigma) and Y-27632 for 3 days.

4.4. Karyotyping

Karyotyping was performed at mechanic passage 20. Karyotyping was performed using a
service provider using the KaryoStat™ assay. Cells were prepared according to the Genomic
DNA Purification Kit (Catalog #: K0512) and quantified using the Qubit™ dsDNA BR Assay
Kit (Catalog #: Q32850). GeneChip® Preparation 250 ng total gDNA was used to prepare the
GeneChip® for KaryoStat™ according to the manual.



4.5. Immunofluorescence labelling

Cells were tested after passage 20 and fixed in 4 % PFA for 20 min at room temperature (RT)
and washed 3 times in phosphate-buffered saline (PBS, Gibco). Permeabilization was
performed using with 0.5 % Triton X-100 (Sigma Aldrich) for 15 min, and blocking step
using 10 % of normal donkey serum (Sigma Aldrich) for 1 h at RT. Primary antibodies
incubation was performed overnight at 4 -C in PBS BSA 1 % 0.1 % Triton X-100 (listed in
Table 2). Cells were washed 2 times in PBS and incubated for one hour at RT in secondary
antibodies solution used at the dilution of 1:2000. Nuclei were counterstained with DAPI
(Sigma Aldrich). Zeiss Axioimager Z1 Apotome and Confocal Microscopy Zeiss LMS700
were used to capture images.

4.6. Flow cytometry analysis

Cells were tested after passage 20 and harvested into single cell suspension using dissociation
reagent (Versene Solution). Cells were then incubated 15 min at room temperature with a
Live Cell/Dead Cell staining (Violet Zombie, Biolegend, 1:1000), washed twice in PBS and
then incubated with the conjugated primary CXCR antibody or the control isotype for 30 min
at 4o C. Acquisition was performed on flow cytometry using Beckman Coulter Gallios.
Analysis was performed with Kaluza software.
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Fig. 1. Characterization of the UHOMI007-A hiPSC line.



Table 1

Characterization and validation.

Classification Test Result Data
Meephology Photography Bright fleld Normal Fig. T paned A
Phenotype Qualitative analysis Expression of phoipotency markers: SOX2, OCT4,  Fig. 1 pand D
Immunecytochemistry NANOG and SSEA4
Quastieative analyss Expression of SOXZ, NANOG and OCTH Fig 1 pad F
RT.qPCR
Genotype Karyostat and resodation 46XY, G & R banting P 1 paned C,
Risokuton 400-500 Supplemental D 2
Identiry Micosudlite PCR (mPCR) OR DNA Profiling mot perfommed N/A
STR analysis STR: specific 16 loci tested, 16/16 matchod Supplemental
between iPS cell lioe and parient derived PEMCs Table 3, 4and 5
Mutation analyss (IP Sequencing N/A N/A
APPLICABLE) Southern Blot OR WGS N/A N/A
Microbialogy and Mycoplasma Mycoplasma usiing by hendnescence. Negadve S
virology
Differentiation potential  e.g. Embryoid body formation OR Teratoosa fomsation OR Scorecard OR  Progf of theee germ layirs formagion by evdryold
Directed differentiation body and directad differenagon for endodernm
last of ded Expe of these markers has to be demonstrated at mRNA (RT  RT9PCR o | Pael H
geem layer markess PCR) o protedn (IF) levels, ot least 2 markers need to be shown per  Fatoderme PAXG, DCX, ALDH]AL
gesm layer Endoderwe SOX7, COLTAI
Mesoderwe: GATAZ/TGF2/BMP4
Inumunofluorescence
Endodernu alpha feto protein (AFP) Fig 1 Panel D, F
Eaodern: TUBB3,/ T
Mesodermy VIMENTIN Fig 1
Flow cytometry
Endoderm Panel G
CX-C Modf Chamokdne Recepior (CXCRA): 89 %
Domor sereening HIV 1+ 2 Hepatits B, Hepatits C Negatve N/A
(OPTIONAL)
Genotype sdditicaal info  Blood group genotyping N/A N/A
(OPTIONAL) HILA tissue typing N/A N/A

4.7. RT-gPCR analysis

Around passage 20, RNA isolation from the UHOMIi007-A cell line was performed using the
RNeasy mini kit (ref 74106, Qiagen) in accordance with the manufacturer’s instruction.
Reverse transcription (RT) was carried out on 1 ug of total RNA on cells using SuperScript™
First-Strand Synthesis System (ref 11904-018, Invitrogen), superscript Il RT, oligo-dT
primer, dNTP mixture, MgCl2, 0.1 M DTT and RNase inhibitor. RT Quantitative PCR (RT-
gPCR) was then performed using the LightCycler® 480 SYBR Green | Master
(04707516001, Roche) with 2 ul of the RT reaction product (1:20 dilution) and 0, 5 ul of each
primer diluted at 10 uM. Primers were listed in Table 2. Fold change was calculated using the
ddCt method and gene expression levels were normalised to the expression of the
housekeeping gene GAPDH.

4.8. Test for absence of the reprogramming vector

After passage 15, iPSC line was tested for absence of the Sendai reprogramming vectors by
performing a RT-PCR, which detects the Sendai virus (SeV) genome and the transgenes.
Total RNA was extracted from fibroblasts, and the UHOMIi007-A iPSC line as described
above (RT-g PCR analysis). cDNA were obtained following reverse transcription using the
Superscript Il First-strand synthesis system (Invitrogen, Thermo Fisher Scientific), with a
Master Cycle gradient device (Eppendorf). Expression of transgenes was assessed using
Sendai-virus-specific primers (Table2) and conventional PCR. B2M was used as
housekeeping gene (Primers are listed in Table 2). The PCR was performed on a Master
Cycle gradient device (Eppendorf) according to this following program: DNA denaturation at



95 °C during 5 min, followed by 40 cycles at 95 -C during 60 s, 55 -C for 60 s and 72 -C for
20 s, final elongation for 5 min at 72 -C. Products were analysed on 2 % agarose gel, ran at
130 Velectric field.

4.9. Short Tandem Repeat analysis (STR)

Genomic DNA was isolated using Qiamp DNA mini kit (Qiagen) as described below on cells
after passage 10. The DNA was sent to the service provider Eurofins for STR DNA
fingerprinting. STR analysis of generated iPSC and parental PBMCs was performed to detect
16 loci (matching of 16/16 loci: D8S1179, D21S11, D7S820, CSF1PO, D3S1358, THO1,
D13S317, D16S539, D2S1338, AMEL, D5S818, FGA, D19S433, VWA, TPOX and D18S51;
Supplemental Tables 3,4 and 5).

4.10. Mycoplasma testing

Cell culture supernatants were tested around passage 20 using bioluminescence MycoAlert®
Detection Kit (Lonza).The absence of mycoplasma contamination was subsequently
confirmed according to the manufacturer’s instructions. A ratio < 0.9 means that the sample
was negative for Mycoplasma.
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Antibady Didsticn Cocpesy Cal # i
Ftrpouncy Sabbe 1:20 fawz Cna oo
Markes potraonal Technology A s sasn
ana SOX2
Coo# 20-20080
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ana OCT4
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Cood S6756% AN 250714
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DITA4
RA&D Corp o
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Lonewd
(o
1333r5)
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Vit Cox# x=-7557,
Mouws an= 2: 1000 Covener Sewncorsh U
JA-tciedin Prodxo e Card AN TSI
P L
Mevase - 1200 No Bsececs UL 25714
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Morase 1200 Sgmo-Aldnch s
Ary Al SE2
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band
Troupees S 101 bp Forworst GGA TUA CTA GUT GAT
Jrorm Se¥ ATCGAGC™
Vemtor (PCX) Neveae ACCACA CAA CAL TTT
ARG AGA TAT GTA TT
ForwerD ATU CAC QUG TAL GAC
CTC ACC T
xuoe 2utp Revese ACC ITC ACA ATU CTG
ATC TG
Forwers TAA CTG ACT AGC AU
arcreoe
MY a2 bp leveas TUL ACA TAC AGT OCT
CUA JCA TCA TG
Howme Kooy I (O 2L bp Forwers
e ACTCALGTUATOCA CCAGAL
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Harpotency Forwerd: GG CIT TLU CAT GCA
o (N7 TICTAAL C
PG ocT 19eph Reveae CAC C17 CUC TLD AAD
CACTICC
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