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Supplementary methods

Use of lentiviral vectors

Production in HEK293T cells and qPCR-based
measurement of biological titers based on
transduction of HEL cells (Supplemental Table S2)
were performed as published.! For functional
study, cells were transduce with hourly agitation
for six hours before replacement of medium, as
described elsewhere.? After initial transductions
for each vector at a multiplicity of infection (MOI)
of 5, 10 and 20 and after measurement of vector
copy numbers per haploid genome (VCN), MOI was
modified for each vector towards a VCN of 3 for
GLOBE and a VCN of 20 for shRNA-encoding
vectors in order to achieve saturating treatment
for the latter. For combination treatments with
shRNA-encoding vectors and the GLOBE gene-
addition vector, cells were first transduced with
the GLOBE vector and after a time interval of 24 h
with the shRNA-encoding vector.

HBB (-globin) mutagenesis

The HBB!VSI-110(6>A) mutation was introduced into a
transfer plasmid encoding the GLOBE vector using
the QuikChange Lightning  Site-Directed
Mutagenesis Kit (Agilent Technologies, Germany)
according to the manufacturer’s instructions. To
this end, we used the GLOBE transfer plasmid as
template and primers IVSI-110_Mut_FW and IVSI-
110_Mut_ RV  (Supplemental Table S1) for
mutagenesis by PCR. After Dpnl endonuclease
removal of parental DNA template, the resulting
mutated DNA was transformed into chemically
competent  XL10-Gold bacteria (Agilent
Technologies, Germany), and correct GLOBE!S!
110(6>A) clones were confirmed by sequencing
(Applied Biosystems, Foster City, CA) (Fig 1B).

Cloning of RNA interference vectors

Short-hairpin RNAs targeting the HBBIVSI-110(G>A)-
specific transcript sequence were designed
according to published guidelines of the RNA
interference (RNAi) consortium (TRC),3 as detailed
in the main text and shown in Figure 2, and were
assembled by annealing synthetic oligonucleotides
(Metabion International AG, Germany) for cloning
in the EcoRI and Agel sites of the pLKO.1 TRC
lentiviral transfer vector (Addgene plasmid #
10878, a gift from David Root) for comparison with
mock treatment and for treatment with the pLKO.1

Scramble vector (Addgene plasmid # 1864, a gift
from David Sabatini). Positive E. coli (New England
Biolabs, Ipswich, MA) clones were confirmed by
restriction enzyme digestion and sequencing
across both ligation sites, prior to use of plasmid
preparations (Macherey-Nagel GmbH, Germany) in
lentiviral vector production.

Culture, transgenesis and clonal selection of
MEL cells

MEL cells were cultured in cRPMI supplemented
with 10% FBS, 1x penicillin/streptomycin and 1%
100-mM L-glutamine, (all Invitrogen, Thermo
Fisher Scientific, UK) in 10-cm diameter dishes
(Corning, USA) and maintained at 250 000-
500 000 cells/mL. Terminal erythroid
differentiation was induced by addition of 1.5%
DMSO to cultures of 100 000-200 000 cells/mL.
Cells were collected for RNA and protein analysis
at day 3 and day 6 - 9 post-induction, respectively.
MEL cells were transduced as described,? using the
GLOBE vector* to produce positive controls for
normal HBB expression and the GLOBEI!VSI-110(G>A)
vector to produce cells emulating the human
HBB!VsI-110(6>4) gplice defect. VCN was determined
for lentiviral vectors (LVs) as described,! and pools
of cells for HBB expression (MEL-HBB with
average VCN 2.0) and HBB!VSI-110(G>A) expression
(MEL-HBB!"Ys with average VCN 1.9) were selected
for further experiments.

To isolate transgenic clones, MEL-HBB'VS cells
(average VCN 1.9) were diluted to working
concentrations of 1.5 cells / 100 pL cRPMI and
seeded into six 96-well plates. Cells were cultured
for 48 h without moving the plates to achieve
distinguishable growing colonies that were easy to
score under the microscope. Wells with single
clones were expanded to 24-well plates and VCN
was assessed by qPCR as described.! Transduction
for shRNA and combination treatments employed
MEL-HBB!Ys VCN 1 to test correction and MEL-HBB
LV as positive control.

Isolation and culture of CD34* cells

Primary human CD34+ cells, representing HSPCs,
were isolated from 7 to 25 mL of naive same-day
peripheral blood using Accu-Prep Lymphocytes
(Axis-Shield PoC AS, Ireland). Procedures for
handling, transduction and culture were as
described,?2 with additional CD34+* magnetic-
activated cell sorting (Miltenyi Biotec, Germany)
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after buffy-coat isolation and before expansion
culture. Cells were expanded for up to ten days
before transduction. For combination treatments
with shRNA-encoding vectors and the GLOBE
gene-addition vector, cells were first transduced
with the GLOBE vector and after a time interval of
24 h with the shRNA-encoding vector.
Monotherapy for shRNAs was applied the same
day as shRNAs for combination treatment. At the
earliest 48 h after the last transduction, cells were
transferred to differentiation medium, made up of
70% MEM Alpha (Corning Cellgro, USA), 30%
defined FBS (Hyclone GE Healthcare, US), 10 uM
2-mercapto-ethanol  (Sigma-Aldrich  GmbH,
Germany), 10 U/mL erythropoietin (Amgen,
USA), 10 ng/mL stem cell factor (Peprotech Inc.,
USA), 1x penicillin-streptomycin  (Corning
Cellgro US), where they were kept at 0.5-1 x 106
cells/mL for up to five days before sample
collection for microscopy and reversed-phase
high-performance liquid chromatography (HPLC).

Immunoblotting
Lysates equivalent to 0.5-1 x 106 cells per well
were separated by polyacrylamide gel

electrophoresis and blotted onto nitrocellulose
Parablot NCP membranes (Macherey-Nagel GmbH)
using wet electrophoretic transfer. After
temporary staining with Ponceau Red solution
(Sigma-Aldrich, St. Louis, MO) to confirm
quantitative protein transfer, membranes were
blocked and incubated with the appropriate
primary antibody, specifically Mouse-aHuman
HBB (@1:1000; clone 37-8; #sc-21757), Rabbit-
aMouse Hba (@1:1000; H80; #sc-21005)(all Santa
Cruz Biotechnologies, Dallas TX) or Mouse-aMouse-
Actb (@1:10000; clone AC-15; #A1978; Sigma-
Aldrich), before washes and incubation with the
corresponding horseradish-peroxidase-
conjugated secondary antibody, specifically Goat-
aMouse-IgG(H+L) (#115-035-003) or Goat-
aRabbit-IgG(H+L) (#111-035-003) (both
@1:10000; Jackson ImmunoResearch Laboratories,
UK). Bands were visualized using
chemiluminescence detection (Lumisensor,
GenScript, Piscataway, NJ), and a Bio-Rad Imaging
system and ImageLab Software 5.1 (Bio-Rad
Laboratories, Inc, Hercules, CA) were used for
image acquisition and quantification of band
densities.

The correction level of HBB protein levels was
measured as the fold-change of the ratio of
HBB/Hba (a-globin) chain band intensities, to
normalize for variable differentiation. As specified
in the main text, HBB/Hba values are given either
as percentage relative to the highest same-
experiment sample intensity, as fold change
relative to that of the mock-treated MEL-HBB!Vs!-
110(6-A) negative control, or as percentage relative
to the mock-treated MEL-HBB positive control. The
level of differentiation was measured as fold-
change in the level of murine Hba chains compared
to mock-treated control. Murine Actb was included
in all immunoblots and used as same-gel, same-
membrane calibrator for equal loading of samples
for HBB and Hba detection.

Microscopy

Cell death was monitored by scoring unprocessed
trypan-blue-stained cells in culture aliquots.
Morphological characterization of HSPC-derived
erythroid subpopulations at the culture end point
was based on cytocentrifugation of 0.5-1 x 105
cells in a Cellspin II cytocentrifuge (Tharmac,
Germany) and dianisidine staining before standard
May-Griinwald-Giemsa (all Sigma-Aldrich) staining
and preservation under mounting medium
(Entellan, Merck, Germany). Microscopic analyses
were chosen in preference to flow cytometry for
reasons of sample scarcity and of the higher level
of information obtained by skilled morphological
observation. Images were acquired using an
[X73P1F inverted microscope, LED illumination, a
40X lens and averaging of seven frames per image
in CellSens 1.7 (Olympus Corporation, Germany).
Morphology of cells was analyzed by treatment-
blinded scoring of between four and five
photographs (depending on cell density) for each
sample, representing between 400 and 500 cells
per image. Erythroid-lineage cell types are
distinguished by cell size, coloring and
morphology of cell and nucleus, and by level of
hemoglobinization, in line with criteria outlined in
Wintrobe’s Clinical Hematology® and facilitated by
additional dianisidine staining of hemoglobin.
Reversed-phase high-performance liquid
chromatography

Differentiated CD34+-derived primary cells were

lysed in 50 pL of HPLC-grade water per 0.5 x 106
cells, centrifuged at 4 °C and 21100 RCF, and 40 pL
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of the supernatant injected per analysis on a
Shimadzu Prominence system. In modification of
previously described procedures,$ separation with
a linear gradient of acetonitrile/methanol (both
Merck) against 0.1% trifluoroacetic acid (Sigma-
Aldrich) utilized a Jupiter 5-um C18 25-cm column
with 4.6 mm diameter (Phenomenex, Torrance, CA)
and acquisition of the absorbance readout at 259
nm. After treatment-blinded manual correction of
automatic peak detection, the ratio of peak areas
for B-like globins to HBA1/2 (HBA) was used for
comparison of relative, respectively, HBB, HBG1
(Ag-globin), HBG2 (Gg-globin), HBG1/2 (HBG) and
total B-like globin (HBx) quantities. This study did
not quantify membrane-bound a-globin in
erythrocyte ghosts and its possible reduction after
treatment of thalassemic samples. Measurement
by HPLC alone may therefore give an
underestimation of the true correction of
HBB/HBA levels achieved.

Messenger RNA quantification

RNA was extracted using Trizol and treated with
DNase I (both Invitrogen/Thermo Fisher Scientific)
before reverse transcription using the TagMan
Reverse Transcription PCR kit (Applied
Biosystems). The equivalent of 12.5 ng/pL ¢cDNA
were measured per sample and triplicate non-
template controls included in each PCR run on a
7900HT Fast Real-Time PCR System (Applied
Biosystems). Variant-specific quantification of
samples was performed by duplex PCR with the
Multiplex PCR Kit (Qiagen, Germany), in triplicate
against a plasmid-based standard curve holding
the aberrant and normal amplicons. Quantities of
total ~ HBBIVsI110(G>A)-derived RNAs  were
determined by the AACT method and SYBR Green-
based RT-qPCR detection of all HBB transcripts
with exon-1-specific primers, against Hba as
calibrator. Variant-specific contribution to total
detected quantities were calculated based on
probe-based calculation of variant ratios. For
sequences of primers and probes (Metabion
International AG), see Supplementary Table S1.

Statistical analyses

After data handling in Excel (Office 2010, Microsoft
Corp., Cyprus), statistical analyses were performed
in Prism 7.0 (GraphPad Software Inc., La Jolla, CA).
The Shapiro-Wilk normality test was used to
determine  sample distribution and the

appropriate test for group comparisons. One-way
ANOVA with Dunnett’'s or Tukey’s multiple
comparison test, as appropriate, was used to
compare normally distributed data, for others the
non-parametric Kruskal-Wallis test with Dunn’s
multiple comparison test; all tests are non-
directional. Summary statistics are given as
geometric mean * geometric standard deviation
for fold-changes and normalized data centered
around 1, and as arithmetic mean * standard
deviation of the population mean for other data.
The number of replicates given are biological
replicates throughout. Asterisks in graphs indicate
the level of significance in line with convention, for
P values below 0.05 (*), 0.01 (**), 0.001 (***) or
0.0001 (****), respectively.

Supplementary discussion

Based upon the hypothesis that aberrant mRNA
interferes with normal HBB expression we
targetted aberrant HBBIVSI110(G>A) mRNA by
shRNAs as a means of improving HBBIVSI-110(G>A)
disease pathology. Four different shRNAs (Up, Mid,
Mid2 and Down) targeting three overlapping
sequences specific for aberrant HBB!VSI-110(G>A)
mRNA were expressed from RNApollll-driven LVs,
with Mid2 harboring a modified passenger strand
compared with Mid to avoid premature
termination of transcription.

Initial analyses were performed in two
transgenic erythroid cell lines, MEL-HBB!VSI-110(G>A)
and MEL-HBB, which faithfully represented known
features of HBB!VsI-110(G>A)-thalassemia. Functional
assessment of HBBIVSI110(G>A)-specific sShRNAs in
the MEL model showed significant increase of
normal to aberrant HBB mRNA ratios for Down,
without significant ratio or quantity differences for
the other shRNAs. Remarkably, corresponding
immunoblots showed significant 9.1- and 10.8-fold
induction of HBB protein levels by Mid and Mid?Z,
respectively, and merely 2.8-fold induction by
Down without statistical significance. At both
mRNA and protein level, Mid and MidZ2 gave similar
results, despite the latter’s potential advantage in
RNApollll-driven expression. This might come
about by inefficient action of the dT4 sequence as
terminator and is complicated in its interpretation
by the possibility that differences in the stem
structures for Mid and Mid2 shRNA may also
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differentially affect interaction with AGO2 and thus
RNAi  activity? Importantly, therapeutic
application of our shRNA-based strategy would
rely on regulated, RNApolll-driven shRNA
expression, for which the dT4 sequence harbored
by the Mid shRNA would be of no consequence.

Application of our shRNAs in CD34+ cells from
HBB!VSI-110(G>A)-homozygous patients resulted in
significant correction of lineage differentiation for
Mid and MidZ2,in accordance with protein results in
MEL-HBB!VsI-110(G>4),  Additionally, application of
Mid or MidZ2 on their own or of Mid in combination
with GLOBE surpassed correction of erythroid
differentiation by GLOBE alone. Likewise, only
GLOBE+Mid gave significant improvement in the
number of hemoglobinized cells. These
microscopy findings were mirrored by relative
HBB abundance, with significant correction by Mid
and Mid2 and significant improvement of
GLOBE+Mid compared with GLOBE alone.

GLOBE had only minor incremental effect in
combination treatment. One reason for this
observation may be the superiority of full-length
endogenous control elements of both HBBIVS-
110(G>A) alleles compared to the reduced elements
held by the GLOBE vector. Another may be the B+
status of HBBISI10(G>A)  thalassemia, which
generally  decreases the  sensitivity  of
hemoglobinization and HBB/HBA ratios as
assessment criteria.8 This was aggravated by high
baseline HBB/HBA ratios for HBB!VSI-110(G-A)-
homozygous cells in our liquid cultures (0.41),
which exceeded those for peripheral blood even of
patients with (milder) thalassemia intermedia
(0.23).7 The latter point may not only further
conceal contributions by GLOBE in combination
therapy, but also likely resulted in a general
underestimation of effects for any of our vectors in
liquid cultures, compared to what may be observed
in patients.

As one explanation for the discrepancy between
mRNA and protein data in MEL-HBBs cells, Mid
and Mid2 shRNAs might translationally block
rather than degrade aberrant HBB mRNA.
Conversely, Down shRNA, which appears to knock
down aberrant RNA, also has six nucleotides
perfect complementarity and additional stabilizing
interactions with normal HBB mRNA and might
thus translationally block normal HBB production.
For all three shRNAs, this would tie in with the

observed mRNA and protein levels in transgenic
MEL cells and with the latest insights into co-
translational regulation of gene expression. In a
recent seminal paper, Yordanova et al. established
ribosome stalling, queueing and steric inhibition of
further translation as a co-translational regulatory
mechanism for transcripts with multiple in-frame
stop codons.1® This observation suggests a ready
means of ribosome sequestration by aberrant
HBB!VSI-110(G>A) transcripts and gives credence to an
original tentative model of co-translational
interference in  HBBIVSI'110(G=A)  thalassemia
proposed by Breda et alll It would moreover
predict an alleviation of ribosome sequestration by
a Mid- or Mid2-mediated translation block
upstream of the aberrant HBBIVSI110(G>A) stop
codon, and in combination therapy would be of
equal importance for gene therapy by gene
addition and by activation of endogenous y-globin.
Importantly, the data in hand for GLOBE+Mid
combination treatment cannot discern potentially
differential effects of shRNAs on globin production
from HBBIVSI110(G>A) and from normal loci. This
point could be addressed using shRNA
combination treatment with induction of
endogenous y-globin!2 or with distinct exogenous
B-like globins, such as our GLOBE-derived
MA821787Q vector.!

Owing to both nuclear and cytosolic shRNA
action!314 and based on various complementarities
at the DNA, pre-mRNA and mRNA level, our
shRNAs may act by yet further mechanisms. For
instance, similar to interference of antisense RNAs
with splice-site recognition, the antisense strands
of any of the four HBBIVSI-110(G>A)-specific sShRNAs
may variously block aberrant and normal splice
consensus sites or their associated sequence
context. Our preliminary RNA data in MEL-HBB!s
indicate that the sum of these effects would not
greatly shift the balance between aberrant or
normal transcripts but may interfere with overall
HBBWsI-110(G>A)-derived mRNA abundance, which
could be tested by application of corresponding
antisense oligonucleotides. Their action would
differ from that of a 14-nucleotide antisense
morpholino sequence reported elsewhere,!> which
achieved HBB!VSI-110(6>A) splice correction by pre-
mRNA-specific binding of the aberrant splice
acceptor, at only seven contiguous nucleotides
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complementarity with aberrant RNA. Indeed, in
cases of stable transcripts with aberrant exon
boundaries, splice correction by non-permanent
delivery of antisense oligonucleotides would
normally be suggested.1617 However, the present
study indicates that action by LV-encoded shRNAs
and a resulting increase of normal protein
production from the mutant locus should be
investigated as a potentially superior therapeutic
option. Our findings in MEL-HBB!SI-110(G>A) and
CD34+ cells are therefore not only important for
our understanding of disease causation and
therapy development for HBBS-110(G-4) (-
thalassemia, but also as an analysis and therapy
approach for other diseases.

Clinical translation of the present approach
requires shRNA expression at defined VCN and
from stage- and lineage-specific promoters. Low
VCNs minimize risk of insertional mutagenesis and
other side effects of high-level shRNA delivery,!8
such as might have been the delayed
differentiation of MEL-HBB!VSI-110(G>A) cells and the
increased cell death in primary cultures observed
here. To this end, expression of intronic shRNAs
under RNApolll promoters can be predicted to
avoid the interferon response,!® but our initial
attempts to replicate the corresponding design
proposed by Samakoglu et al20 did not lead to
detectable target knockdown (data not shown).
Importantly, Brendel et al.2! successfully employed
control elements of the GLOBE vector for
knockdown of the y-globin repressor BCLI11A.
Likewise expressing HBBIVSI-110(G>A)-specific ShRNA
from GLOBE control elements or from within
GLOBE-encoded HBB introns may therefore
deserve investigation, as might selection of
alternative promoters for earlier erythroid-lineage
shRNA expression.

Applying our approach with treatment
parameters suitable for clinical translation could
significantly change gene therapy for patients with
the HBBIVSI-110(G=A) or other mutations producing
aberrant mRNAs. Besides higher vector yields and
towards targeted gene addition for increased
biosafety or exploitation of endogenous control
elements,2223 the sequences required for shRNA-
mediated knockdown provide shorter and more
efficient integration templates than the large
fragments required for HBB gene addition.
Moreover, mutation-specific shRNAs alone or

combined with gene addition may achieve
transfusion independence at lower VCN or at
milder conditioning regimens, thus improving
biosafety and tolerability of therapy. We note that
current trends in gene-therapy development for 3-
globinopathies favor editing (for potentially
improved biosafety) or universal treatment
approaches (for R&D profitability).2¢ However,
improvements in the efficiency of targeted gene
addition have started to address biosafety for
integrating vectors,23 and changes in regulatory
requirements, manufacturing cost and
reimbursement policies may in the future favor
more effective, stratified gene-therapy
applications,?5 such as that proposed in this study.
Our findings highlight the potential of shRNA-
based therapies for other mutations and disorders
associated with aberrant transcripts and stress the
need to consider allelic heterogeneity in the
application of gene therapy by gene addition.
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Supplementary tables

Table S1. Primers and probes employed in this study

Name Sequence 5’ -3’ Purpose

IVSI-110_Mut_FW CTC TCT CTG CCT ATT AGT CTATTT TCC CAC CC HBB mutagenesis
IVSI-110_Mut_RV GGG TGG GAA AAT AGA CTA ATA GGC AGA GAG AG (Mutagenic nucleotide

underlined)
mHba FW GTCACGGCAAGAAGGTCGC Measurement of total murine
mHba RV GGGGTGAAATCGGCAGGGT Hba mRNAs?®
hHBB_FW_EX2_B GGC AAG AAA GTG CTC GG Measurement of total human
hHBB_EX2.3_RV_B GTG CAG CTC ACT CAG TG HBB mRNA (exon 2)
HBB_Ex1 FW GGG CAA GGT GAACGTG Measurement of human HBB
HBB_Ex2_RV GGA CAGATCCCCAAAGGAC mRNA variants with common
A _MGB_VIC TAA GGG TGG GAA AAT AGA primers and aberrant-specific
N_ZNA_FAM TGG G(PDC)A GG(PDC) TG(PDC) TG (A_MGB_VIC) and normal-

specific (N_ZNA_FAM) probes

Table S2. Titers of lentiviral vectors employed in this study

Name Final gPCR titer (TU/mL)
GLOBE 8.79 x 107
shRNA-Up 5.77 x 108
shRNA-Mid 3.92x 108
shRNA-Mid2 2.30x 108
shRNA-Down 7.76 x 108

shRNA-Scramble 2.30x 10°
Vector-containing supernatant was concentrated 350x and biologically titered in human erythroleukemia (HEL) cells by qPCR as

described.! Exceptionally, GLOBE'VS110(G>A) was exclusively used for production of low-VCN transgenic MEL cells and was neither
concentrated nor titered in HEL cells.
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Supplementary figures and legends
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Supplementary Figure S1. Relative carrier frequencies of the HBB/VS-110(6>A) mytation. A. Relative worldwide carrier frequencies of the
HBB'VSF110G>A) mytation as reported in peer-reviewed publications or submitted directly to ITHANET, shown as countrywide averages.
B. Corresponding view of national relative carrier frequencies (in %) with focus on Southern Europe and the Eastern Mediterranean.
Source: ITHANET (for (A) http://www.ithanet.eu/db/ithagenes?ithalD=113,

for (B) http.//www.ithanet.eu/db/ithamaps?ithalD=113); accessed 16 January 2018
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Supplementary Figure S2. RT-qPCR analysis of transduced MEL-HBB'VS cells. A. Ratio of correct to aberrant mRNAs at days 3 and 6 of
erythroid differentiation as determined by RT-gPCR (n=3). * — P=0.0136; **** — P<0.0001. B. Bar chart displaying the abundance of
total HBB mRNA compared to Mock as stacked bar height and the contribution of aberrant and normal HBB transcripts as open and
grey bar segments, respectively, for day 3 of erythroid differentiation. No significant differences were detected, in part owing to the
great level of intra-group variation typical of heterogeneous erythroid cell populations and their substantial stage-specific differences
in expression patterns.26
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Supplementary Figure S3. Inmunoblot analysis of transduced MEL-HBB'VS cells with raw band intensities. The immunoblots shown
in Figure 3C (n=3), including raw values of band intensities as measured for the unsaturated original images using ImageJ, and including
VCN measurements for the three independent biological replicates. Despite differing VCNs, replicates gave comparable levels of HBB
induction, indicating the robustness of the method. Of note, increased vector doses for Up in the MEL'YS model led to disproportionate
increase in cell death without concomitant increase in VCN.
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Supplementary Figure S4. Percentage change and average distribution of HBA-normalized B-like globins and combinations of
interest. Bar charts show percentage changes for HBB/HBA, HBG1/HBA, HBG2/HBA, HBG/HBA and total B-like globin/HBA, as
indicated using the rules for additive color mixing for bar colors, corresponding to same-sample HBB/HBA ratios compared to same-
experiment Mock levels as detected by HPLC for Figure 3D. Variation across biological repeats based on different primary samples
and at times detection close to baseline for y-globin chains resulted in substantial variability in their detection. Pie charts show
corresponding outlier-removed distributions of B-like globins across all experiments; this is only indicative of treatment effect and less
representative than the average of same-experiment comparisons to Mock shown above. See Figure 3 for full sample details.
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Supplementary Figure S5. Raw HBB/HBA ratios as measured by HPLC. lllustration of differentiation-corrected HBB expression for
CD34+ cells from normal blood donors (n=2) and from thalassemic blood donors (see Figure 3 for full sample details) without additional
normalization. The detected HBB/HBA ratios for different treatments do not take into account concurrent changes in insoluble,
membrane-bound HBA.
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Supplementary Figure S6. Non-linear regression analysis. The percentage change of HBB/HBA compared to Mock in HBB!VS-110(G>A).
homozygous cells was blotted against the VCN determined by qPCR. All evaluable biological replicates for Up (n=6), Mid (n=10), Mid2
(n=5), Down (n=6), Scr (n=10) and GLOBE (n=6) were included in the analysis without outlier removal, and curve fitting was constraint
to a positive relationship of VCN and percentage change, and to include the origin (0/0) of the graph.
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Supplementary Figure S7. Cell death and vector copy number by treatment category. Summarizing all transduction experiments in
HBB'VSI-110(6>A)_homozygous CD34*-derived cultures, the bar chart shows cell death as a percentage of all cells three days after
transduction at the start of differentiation (day O, ll) and at the time of sample collection (day 4, @), and the VCN as determined by
gPCR (O). For combination treatments, VCN specifies the combined VCN of GLOBE and shRNA-encoding vectors. Samples are
categorized into mock treatment, only (Mock), gene addition by the GLOBE LV, only (GLOBE), treatment with shRNA, only (shRNA)
and combination treatment of GLOBE with either Scr or Mid shRNA (GLOBE+shRNA). Detailed VCN information for individual vectors
and vector combinations is given below the category label.
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Supplementary Figure S8. Percentage change of HBB/HBA ratio in shRNA-treated normal CD34* cells compared to Mock. CD34*
cells from normal blood donors were transduced with shRNA-encoding LVs and analyzed for changes in HBB/HBA ratio (n=2)
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