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SUPPLEMENTAL MATERIALS AND METHODS

Animal breeding

The SCID-X1 dogs used in this study contain a 4 base-pair null mutation on exon 1 of the
IL2RG gene that results in premature termination of the protein. Progenies were derived from
the breeding of SCID-X1 affected male with hemizygous affected females. SCID-X1 pups were
identified phenotypically by flow cytometry analysis of CD3+ cells in peripheral blood and by
sequencing analysis of genomic DNA isolated from buccal swabs or peripheral blood samples.
All SCID-X1 affected dogs are housed in HEPA-filtered facility at the Fred Hutchinson Cancer
Research Center. R2258 and R2260 were born to SCID-X1 dogs cured with bone marrow
transplant or in vivo FV gene therapy. H864 and H867 were sired by mating in vivo FV gene
therapy cured SCID-X1 affected R2260 male with heterozygous SCID-X1 carrier female

(Supplemental Table S2).

Ex vivo transduction of canine and human CD34+ cells

Human CD34+ cells were collected from volunteers under institutional review board-approved
protocol. Human and canine CD34+ cells were isolated, cultured, and transduced with FV
vectors as described previously.?! Briefly, CD34+ cells were cultured overnight in IMDM
containing 10% FBS and 100 ng/pL of the respective cytokines (FLT3, SCF, TPO for human;
FLT3, TPO, ¢cSCF, cG-CSF for canine), and transduced on CH296 fibronectin (Takara, New
York, NY) at 2 yg/mL using MOls determined by HT1080 titers. Transduction efficiency was

evaluated based on fluorophore expression measured by flow cytometry analysis.

Foamy virus vector construction
The FV vector constructs used in this study have been previously described.*® Briefly, the

transfer vector includes a U3-deleted long terminal repeat and a 2.3 Kb FV cis acting region
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containing the 3’ region of pol and 5 region of env required for efficient gene transfer, with
introduced stop codons in the foamy partial gag sequence. The vector was made self-
inactivating by deletion of the Tas (Bel-1) transactivator, which is required for transcription from
the LTR. The transgene is expressed from the intron-less human elongation factor 1a (EF1a) or
from the human phosphoglycerate kinase (PGK) promoters. EGFP and a codon- optimized
human common gamma chain receptor (yC) are separated by the Thosea asigna T2A peptide
(2A). A safety-modified woodchuck post-transcriptional regulatory element (WPRE) contains the
X protein promoter, with four mutated ATG sequences as previously described.®? To generate
EF1a.mCherry.2A.yC.FV and PGK.mCherry.2A.yC.FV, the EF1a.GFP.2A.yC and
PGK.GFP.2A.yC, DNA inserts were first extracted by digestion with enzymes Bglll/Notl, and
ligation into BamHI/Notl of plasmid bluescript SK+ to generate pSK.EF1a.GFP.2A.yC and
pSK.PGK.GFP.2A.yC. To construct pSK.PGK.mCherry.2A.yC, the mCherry sequence was PCR
amplified using High Fidelity Platinum Taq (Life Technologies) using forward primers 5'-
GATCCACCGGTCGCCACCATG-3 and reversed primer 5-GTCGACGCGGCCGCTTTACTTG-
3’, digested with Agel/BsrGl, and ligated into pSK.PGK.GFP.2A.yC cut with the same enzymes.
pSK.EF1a.mCherry.2A.yC was constructed by amplification of the EF1a.mCherry sequence
from a reference plasmid with forward primer 5-ACTGCATGCCGATGGCTCCGGTGCCCGTC-
3’ and reversed primer 5-GTCGACGCGGCCGCTTTACTTG-3', digestion with Sphl/BsrGl and
ligation into pSK.EF1a.GFP.2A.yC cut with the same enzymes. PGK.mCherry.2A.yC.FV was
constructed by ligation of the Agel/BamHI fragment from pSK.PGK.mCherry.2A.yC into
PGK.GFP.2A.yC.FV. EF1a.mCherry.2A.yC.FV was constructed by ligation of the Sphl/Notl
fragment from pSK.EF1a.mCherry.2A.yC.FV into PGK.GFP.2A.yC.FV. The PGK- and EF1a-FV

constructs overall produced comparable vector titers.
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Data availability
All  sequence data obtained in this study is available for download at

www.ncbi.nlm.nih.gov/bioproject/ (BioProject ID: Pending).

Code availability
All custom R and Python codes are available on request. All other codes are publicly available

and cited in the appropriate methods description.

Transduction filter methods. Collisions, IS appearing in distinct samples originating from
unique transduction events, were present in the data. Theoretically, this should never be
observed and is likely the result of contamination, barcode swapping or other errors in
processing. In some cases, it is possible to determine which sample the IS originates from by
comparing the number of genomically aligned sequence reads representing the IS in each
sample. When examining collisions, the genomically aligned sequence counts were used
instead of normalized frequencies to avoid biases introduced by low capture frequency in
samples with few genomically aligned reads, because the log base ten-fold difference between
the most (129,408) and fewest (108) genomically aligned reads across samples was large
(3.08).

Using a custom python script, a list of all collisions was generated. Each transduction
event was parsed for observations of ISs in the collision list. For each transduction event in
which a collision IS was detected, the mean count of the IS for samples in which it was detected
is recorded. For example, an IS at chr10:630,220 was observed in two transduction events. In
the first transduction event, it was observed in two samples where it was represented by 100

and 197 genomically aligned sequence reads. It was observed in one sample from another
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transduction event where it was represented by a 23 genomically aligned reads. The mean
count of the IS in the first transduction event was 148.5 and 23 for the other transduction event.
The ratio of mean counts from each transduction event was compared to the maximum
mean count from a single transduction event. If a transduction event had a mean count greater
than or equal to one half of the maximum mean count for the IS, the IS was discarded from the
dataset; otherwise, the IS was kept for the transduction event in which it had the highest count
and removed from the other samples. In other words if the ratio of the maximum mean count to
the next highest mean count was greater than 1:2 (Y2 or 0.5), the IS was discarded. If the ratio
was less than 1:2, the IS was retained in the transduction event where it had the highest count
and removed from all others. Returning to the previous example, 23 : 148.5 is 0.154. In this
case, the non-maximum genomically aligned read count falls below 0.5 and the IS is retained in
the first transduction event dataset and removed from the other transduction event dataset.
Overall, from an initial set of 12,624 unique IS, 965 collisions (7.6%) were detected and 60

(0.5%) were unresolveable (removed from all datasets).

RIS normalization and figure generation. Contributions of each clone were normalized by
dividing the number of integration site-associated sequence reads corresponding to that clone
by the total number of integration site-associated sequence reads from the same sample. A

custom R script was used to generate contribution graphs.
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Supplemental Table S1.

Sample Chr Cstart hit % Frequency
a)
R2258 Ovary 1 chr38 34522 23 4.28
2 chr1 96161557 6 1.12
3 chr3 4970058 3 0.56
4 chr29 5211033 1 0.19
5 chr10 20208336 1 0.19
6 chr10 32047839 1 0.19
7 chr30 31211 1 0.19
8 chr15 2999557 1 0.19
9 chr38 429229 1 0.19
10 chr4 55077884 1 0.19
11 chr11 24461252 1 0.19
12 chr8 38928465 1 0.19
R2260_Testis 1 chr12 10898847 1 0.93
2 chrb 15696040 1 0.93
3 chr4 4027953 1 0.93
4 chr38 16348389 1 0.93
5 chr24 34261332 1 0.93
6 chr38 16348388 1 0.93
7 chr38 2094902 1 0.93
8 chr7 70038184 1 0.93
9 chr3 2499885 1 0.93
10 chr4 69749947 1 0.93
11 chr1 85010894 1 0.93
b)
H867_semen
(unique RIS) 1 chr7 69692227 1 0.19
2 chr6 52806404 1 0.19
3 chrUn_JH373264 138754 1 0.19
4 chr11 57518357 1 0.19
5 chr13 22499122 1 0.19
6 chr8 17611696 1 0.19
7 chr18 34135401 1 0.19
8 chr2 54318446 1 0.19
9 chr34 36370455 1 0.19
10 chr11 44895108 1 0.19
11 chr10 53723455 1 0.19
12 chr22 5186427 1 0.19
Blood Advances  SUPPL DATA for MS ADVANCES/2018/016451 (FINAL) 4/2/2018 9:58 AM



Supplemental Table S2.

Breeding scheme Female Female carrier Male Male normal
SCID (X°X*) SCID (X*Y)
(XX) (XY)
R2260 (XY) x H725 (X'X*) 0 1 0 4
R2260(XY) x H727 (X'X*) 1 3 1 0

Observed (expected) frequency

20% (50%)

80% (50%)

20% (50%)

80% (50%)
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Supplemental Figure S1. Increased transgene expression in CD34+ cells transduced with
PGK.GFP.2A.yC.FV. Human and canine CD34+ cells enriched from mobilized peripheral blood
and steady state bone marrow, respectively, were transduced with PGK.GFP.2A.yC.FV or
EF1a.GFP.2A.yC.FV at an MOI of 10. GFP expression was measured by flow cytometry at 6
days post-transduction and the fraction of GFP+ cells as well as mean fluorescence intensity
(MF1) of the GFP+ fraction are shown for each vector. Grey histogram is from untransduced

cells.
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Supplemental Figure S2. Representative phenotypic panel for different blood cell
lineages from treated canines. A) Peripheral blood gene marking as determined by mCherry
or GFP in different lymphocyte subsets from animal R2258 at 620 days post-treatment. Fraction
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of CD4 and CD8 subsets within CD3+ cells is shown on the right. B) Gene marking in different
cell lineages from the same animal defined by forward and side scatter. For monocytes and
granulocytes, CD3+ cells were first gated out to exclude contaminating lymphocytes. C) Surface
IL2Rg expression measured in peripheral blood lymphocytes from treated animal SCID-X1
H867 and the littermate control H866 at 550 days post-treatment.
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Supplemental Figure S3. Levels of gene marking detected in myeloid and B cells
obtained from treated canines. Gene marking was determined based on phenotypic panel
described in Supplemental Figure S2 in granulocytes (A), monocytes (B) and B lymphocytes (C)
from peripheral blood of treated animals.
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[ < 1.0% contribution [[] chr1_31383046_~ [ ] chr19_12357160_+ [ ] chr31_11544778_~ [ ] chra_17484056_+ [ chr7_79366308_-
[ cnrio_63751110_- [ chr13_sso3ss02_+ [ chr1o_17641048_+ [ chrs_12751376_+ [T chra_22502754_- [ chre_3573203 _+
[ onr1_tossee258_- [ chr14_41133163_- [ chr2o_a2305112_- [ chr32_21781319_+ [ chra_24662660_- [ chre_a2761075_+
[ ] enr1_to7123068_+ [ chr1_4s067103_— ] chr2o_se4s3eso_+ [J] chra2_23350880_- [ ] chra_s9gs4977_- [ chre_42089827_-
[ cnr1_t10017745_- [ chr14_e698629_+ [ ] chr20_s7528180_+ [ chr32_24394700_+ [ chra_72708901_- [ chre_62016517_+
[ Jchr1_114228040_- [ chr15_16723630_+ [ chr2o_esaszss_- [ chrs2_s154407_- [ chrs_14820151_- [ che_e6345096_-
[ Jenrt1_19776733_- [ chr15_30159039_+ [ chr21_13404286_- [ chra2_s2079755_- [ chrs_15696023_+ [ chre_12026009_-
[ crr11_22311765_+ [ chr15_32603622_+ [ chr21_5106800_+ [ ] chr3a_11461422_+ [ ] chrs_41386835_+ [ chro_se0s9929_-
[ cnr1_t4607448_+ [ cnr15_soosss_+ [ chr22_s0476155_— [ chrss_26185537_- [ chrs_a1386838_— [ chro_41960691_+
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[l orri2_10419436_- [ chr16_14800230_- [ chr2s_s0s1255_+ [] chra_s3s76268 - [T chrs_s2es583_- [ ] chro_s689950_+
[ onri2_10898854_- [ chr16_14811350_+ [_] chr24_21950128_— [ chr3s_18692809_- [J] chré_10004840_- [ chro_60987136_-
[] chr12_10944376 _+ [ chr16_14928677_- [ chr24_34s69198_+ [ ] chr3s_24511614_- [ chre_11722324_+ [ chro_651039_+
[ chr12_11520501_- [ chr16_as871463_- [ chroa_s4ss4165_+ [ chrae_s4s0073_- [ chre_17547645_+ [ chrx 100082493 _-
[ chr12_11978114_+ [ chr17_21749595_+ [ ] chr2s_assa0010_+ [ ] chr3s_73ss015_+ [ chre_t7696118_- [ chrx_105421149_-
[ o1z 1570s67_+ [ chr17_s4194497_- [ chr26_es8s804_+ [ chr37_20484506_+ [ ] chre_17804730_+ [ chrx_122048177_+
[ chri2_20049946_- [ chr17_s0857166_~ [ | chre7_18752886_+ [ | chra7_20736862_+ [ chre_s1890855_- [ chrx_12862507_+
[ crri2_20406586_+ [ chr17_s0s10988_+ [ chr2_72177076_- [ chra7_sso1076_+ [ chre_sses2302_+ [ chrx_s4675941_+
[ cnr12_20806381_— [ chr17_o109660_+ [ chre7_22217418_~ [ | chra7_esassas_— [ chre_a1603127_— [ chrx_soes4sse_-
[ cnri2_2432753 - [ chr17_o199663_~ [ |chr2_73650024_~ [ chra7_ese4106_~ [ ] chr_sosooes_- [ chrx_o1773065_+
chr12_438334_+ [_|cnhrt8_14417974_- [ chr27_ss473507_+ [ chras_16348396_- [ chr7_2426153_+ [ ] chrx_oa60519_-
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chri2_48532995_— [_] chr18_42233040_- [ chre_s1109407_- [ chras_10058076_- [ chr7_41703463_ - [ | Na
[l 124868367+ chr18_43124220_+ || chr28_34059620_+ [ chras_20277032_- [ chr7_42306305_-
[ 12 67963114 _- [ chr1s_s1593172_~ [ | chr3o_1238187_+ chras_2004905_~ [ chr7_42377768_+
[ chri_s0z00785_- [ chr1s_sas27850_+ [ chro_t6328188_+ [ chras_azozes - [ ch7_a257411_-

Supplemental Fiyure S4. Location of RIS events analyzed in peripheral blood of FV-vector
treated canines. Each color shows the location of a unique integration event that corresponds
to the color of the bar graphs depicted in Figure 3. Locations are defined as: chromosome (chr)
number_bp location_sense (+) or antisense (-) orientation of insertion event.
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Supplemental Figure S5. CD4/CD8 and TCRab lymphocyte subtypes in FV vector-treated
canines. A) Bar graph depicting CD4+, CD8+, CD4/CD8 double positive and CD4/CD8 double
negative cells within the CD3+ population as determined by flow cytometry staining in non-
mobilized/FV vector treated animals R2258 and R2260. B) Same analysis as in (A) in mobilized/
FV vector-treated animals H864 and H867. C) Percentage of TCR alpha/beta (ab) lymphocytes
within the CD3+ population in animals H864 and H867, and in normal dog.
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Supplemental Figure S6. TCR Vbeta spectratyping analysis in non-mobilized, FV vector-
treated dogs. Rearrangement of the TCR beta chain was assessed by PCR amplification of
complementary DNA using 17 different primer pairs (annotated on top) at different time points
post-treatment (Month, Mo) in non-mobilized, FV-treated dogs R2258 and R2260.
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Supplemental Figure S7. pSTAT3 phosphorylation was assessed in mobilized animals H864 and
H867 at 1-year post-treatment and compared to a littermate control (normal) as described in Figure 6A.
Results are expressed as fold increase in cells expressing pSTAT3 when exposed to IL-21 as compared
to untreated cells. Error bars show standard deviation for duplicate reactions and no statistical difference
was noted between normal and H864 or H867 datasets using a Welch’s t test (p=0.32 and p=0.11,
respectively).
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Supplemental Figure S8. Complete blood cell count analysis in all treated dogs. Graph
depicts absolute numbers (counts per puL blood) of A) total white blood cells, B) neutrophils,
C) monocytes, D) lymphocytes, and E) platelets in peripheral blood. Dotted line denotes
average range of blood cell counts of normal dogs.
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R2258 necropsy
766 224 414 205 151 275 193 334 37

100+ [ < 1.0% Contribution [[] chr34_26185537_-
[ chrio_41462019_+ [l chr35_11066979_—
[E chr1_110017745_- [l chra6_3459073_-
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| [l chr15_16723630_+ [l chr37_6864106_-
75 [l chri6 6788570 - [l chr3s_16348396_—
B chri6_6803616_- [[] chr3s_1969504_—
[ chr17_59857166_— [ chr3_84320068_-
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W chr19_2752527_+ [l chr4_4027931_+
[ chr20_3934057_+ [l chr5_80107985_+
501 [E chr20_56483689_+ [] chr6_10004840_-
[ chr2o_57528180_+ [ chr6_31890855_—
[[] chr21_37355933_- [ chr6_56497734_+
[ chr21_4826410_~ [l chr7_42306305_-
[ chro4_34584165_+ [l chrs_14087797_+
[ chros_43235241_+ [[] chre_42761075_+
[ chras_43540010_+ [l chro_12026009_—
251 [l chr27_34643745_+ [l chrX_100982493_—
[0 chr27_38042976_- [l chrx_10118028_-
[ chr27_38473507_+ [l chrX_122048177_+
[l chr27_5717069_- [] chrx_41502831_+
[l chr2 81823237 - [ chrx 9542235
[ chr3o_16328188_+ [ ] NA
0 [ chr30_33969257_+

PB BM Cecum Duodenum  Liver Lung Spleen  Thymus Ovary

Clonal frequency (%)

R2260 necro psy [ < 1.0% Contribution [l chr2_72177076_-
[ chr1o_1491105_+ [ chr27_36345094_-
469 330 568 355 163 427 432 819 56 [l chr10_42555739_~ [T chra7_38079984_—
[ chr10_44874826_+ [ ] chr3o_8612213_—
[ chr1_13680372_- [l chr3_12751376_+
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[ chr12_20406586_+ [] chr35_14170610_-
[l chr13_4158905_+ [ chras_24254246_+
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_ 751 []chr14_23565087_- [l chr36_5004203_+
2 []chr1_45067103_- [] chr3_72287002_+
~ [ chr14_54195516_— [l chr3s_2094905_—
ey X chr15_30159039_+ [ chras_2128763_+
c [J chr15_32603622_+ [] chr3s_429268_—
g [ chri5_3838473_- [[] chra_a104249_+
o [ chr15_52411266_~ [l chrd_69749958_—
© 501 chr16_15271589_- [I] chr4_69854977_-
= Bl chri7_18522016_- [] chr5_14820151_-
g [ chr17_9199660_+ [l chr5_4260457_-
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Supplemental Figure S9. Retroviral integration site (RIS) analysis of tissues obtained
from R2258 and R2260 at time of necropsy. Clonal diversity in different tissues annotated on
x-axis was compared to peripheral blood (PB), with total number of RIS events identified in the
sample listed on top of the corresponding bar. In all graphs, unique RISs are plotted based on
the number of times the RIS was sequenced and normalized to the percentage of total RISs
captured in each sample for each animal. Captured RISs appearing at a frequency greater than
1% in each sample are represented by boxes in each bar. Boxes are colored white if they were
identified in a single sample, or in matching colors if they were identified in more than one
sample at a frequency higher than 1%. Colored numbers in gray portion depict RISs identified in
more than one sample with a frequency lower than 1%. BM=bone marrow.
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Supplemental Figure S10. Frequency of shared and unique RIS events in tissues
obtained from animals R2258 and R2260. RISs from each tissue described in Supplemental
Figure S9 were compared with peripheral blood (PB) and with each other to determine overlap
in multiple tissues (black), but absent from PB (dark grey), or that were unique to a specific
tissue and absent from PB (light grey).
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Supplemental Figure S11. Frequency of shared and unique RIS events observed in
semen collected from mobilized canine H867. Semen was collected and gDNA was isolated
and subjected to RIS analysis. A total of 16 RISs were identified in this sample and compared
with all known peripheral blood (PB) RISs (total of 4,105 RISs; Figure 3B) to determine overlap
(black). 12 integration sites were unique to the semen sample (white) but were only detected as
single hit (Supplemental Table 1B), representing 2.28% of all hits. Since the animal remains
alive and well, full biodistribution analysis is not yet available.
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