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SUMMARY

Here, we describe the NeoThy humanized mouse model created using non-fetal human tissue sources, cryopreserved neonatal thymus
and umbilical cord blood hematopoietic stem cells (HSCs). Conventional humanized mouse models are made by engrafting human fetal
thymus and HSCs into immunocompromised mice. These mice harbor functional human T cells that have matured in the presence of
human self-peptides and human leukocyte antigen molecules. Neonatal thymus tissue is more abundant and developmentally mature
and allows for creation of up to ~50-fold more mice per donor compared with fetal tissue models. The NeoThy has equivalent frequencies
of engrafted human immune cells compared with fetal tissue humanized mice and exhibits T cell function in assays of ex vivo cell
proliferation, interferon y secretion, and in vivo graft infiltration. The NeoThy model may provide significant advantages for induced

pluripotent stem cell immunogenicity studies, while bypassing the requirement for fetal tissue.

INTRODUCTION

Recent years have seen great progress in deriving immuno-
deficient mouse strains capable of being engrafted with
human cells and tissues to create humanized mouse
models (Lan et al., 2006; Lavender et al., 2013). These
include mice modified to produce human cytokines
(Rongvaux et al., 2014; Saito et al., 2016), that express spe-
cific human major histocompatibility complex (MHC)
types (Shultz et al., 2010) and that do not require irradia-
tion for xenoengraftment (McIntosh et al., 2015). While
the non-T cell immune compartments within the animals
are biologically relevant, humanizing these host strains
via surgical implantation of human thymus tissue is
required for creation of de novo T cells that can recognize
a full complement of human MHC molecules presenting
antigens in vivo (Shultz et al., 2012; Theocharides et al.,
2016; Zhao et al., 2015). Humanized mice such as the
bone marrow, liver, thymus (BLT) mouse, generated by
co-transplantation of hematopoietic stem cells (HSCs)
along with human fetal thymus tissue, offer a powerful
translational system to study human immune responses
(Hu and Yang, 2012; Kalscheuer et al., 2012; Lan et al.,
2006). They are particularly useful for virology research,
induced pluripotent stem cell (iPSC) immunogenicity
studies, and other research requiring functional T cells
selected on human self-antigen complexes (Lavender
et al.,, 2013; Rong et al., 2014; Yu et al., 2007; Zhao
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et al.,, 2015). Humanized models incorporating human
thymus fragment implantation are uniquely suited for
investigating questions relating to patient-specific im-
mune responses to iPSC cell therapies, as self-tolerance is
largely dictated by thymus-dependent mechanisms (Grie-
semer et al., 2010; Zhao et al., 2015).

There are multiple barriers preventing more-wide-
spread use of the above-mentioned humanized mouse
models. For example, limited fetal specimen size necessi-
tates multiple tissue samples from divergent genetic
backgrounds over an experimental course and each spec-
imen typically yields only 15-20 humanized mice (Has-
ini et al., 2014). This results in significant experimental
variability and discourages robust characterization of
sparse and ephemeral tissue supplies. In addition, fetal
tissue’s immature developmental status may influence
gene expression patterns, phenotype, and function of
fetal tissue-derived immune cells; BLT models may not
reliably represent clinical patient immune responses
(Beaudin et al., 2016; Lee et al., 2011; McGovern et al.,
2017; Mold and McCune, 2012; Mold et al., 2010; Notta
et al., 2016).

We developed the NeoThy humanized mouse model,
which utilizes abundant non-fetal human thymus tissue
from neonatal cardiac surgery patients, paired with umbil-
ical cord blood HSCs from autologous or unrelated donors.
We evaluated human immune cell engraftment kinetics
and their phenotype and function.
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RESULTS AND DISCUSSION

Human thymus tissue was obtained from neonatal cardiac
surgeries after receiving informed consent. Neonatal
thymus samples provided more tissue (mean 9.3 + 2.9 g,
n = 7 samples, 7-day-old median age patients) compared
with fetal sources (mean 0.58 g at 20 weeks gestation) (Has-
inietal., 2014). This enabled cryopreservation and banking
of hundreds of thymus fragments from each donor to
generate humanized mice (Figure 1A). NeoThy mice were
made from multiple neonatal thymus and cord blood
samples and compared with fetal tissue control animals.
Humanization with a 1 x 1 mm neonatal thymus fragment
and intravenous (i.v.) injection of 0.5 x 10°-1.5 x 10° cord
blood hCD34* HSCs resulted in thymic organoid forma-
tion across all four donors tested. These first-generation
animals are distinguished from second-generation animals
that received ahCD2 antibody (see below). The resulting
thymic organoids were significantly smaller than those
arising from fetal tissue (Figure 1B), yet, like fetal controls,
they maintained thymic anatomy, including Hassall’s
corpuscles, indicating an active role in human thymopoie-
sis. We hypothesize that size differences between fetal and
neonatal organoids may be due to variations in thymic
epithelial cell progenitors within the two tissue types,
rather than being the result of differential thymopoiesis
efficiencies (Bleul et al., 2006).

To explore organoid function in more detail, we investi-
gated whether the smaller organoid size affected engraft-
ment of human immune cells in NeoThy mice. We were
not able to isolate >4,000 cells from harvested NeoThy
organoid explants, preventing flow cytometric analysis of
the developing thymoctyes. However, no significant differ-
ences in peripheral hCD45*, hCD19%, and hCD3* immune
cell frequency were observed between NeoThy mice and
animals reconstituted with fetal thymus and cord blood
HSCs (Figures 1C and 1D). Further, organoid size differ-
ences did not impact absolute numbers of CD3* T cells (Fig-
ures S1A and S2B). HSC-only controls had significantly
more hCD19" B cells and little to no hCD3" T cells at
15-18 weeks post-humanization, compared with both fetal
and NeoThy mice, indicating that both models require a
thymic organoid for robust T cell reconstitution. These
results argue against the dysplastic murine thymus of the
host animal playing a role in thymopoiesis (McDermott
et al.,, 2010). However, we cannot conclusively rule out
murine thymic tissue contributing to human T cell repopu-
lation and function in our model.

Two strains of mice, NSG receiving 250 RAD sublethal
irradiation, and NSG-W not requiring irradiation, were suc-
cessfully humanized with neonatal tissues (Figure S2A),
suggesting that the humanization capacity of neonatal
tissues may translate well to other immunocompromised
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strains. The phenotype of the engrafted human immune
systems may differ depending on available cytokines,
hematopoietic niches, irradiation requirements, and other
specific host attributes (Brehm et al., 2010).

We used the NSG-W immunocompromised mouse for
NeoThy creation because of the convenience of not having
to irradiate animals. That also eliminated toxicity associ-
ated with irradiation, e.g., death and graft versus host dis-
ease (GVHD) (McIntosh and Brown, 2015). The second-
generation NeoThy mice described in Figure 2 received
i.v. injection of 100 ug «hCD2 antibody on days 0 and 7
post-surgery. This method was described previously by
Kalscheuer et al. (2012) for removing GVHD-associated
passenger thymocytes from fetal thymic fragments.
ahCD2 antibody injections delayed T cell development
by approximately 4 weeks compared with first-generation
NeoThy mice (Figure S3A). This delay in T cell emergence
indicates that early arising T cells in BLT and other first-gen-
eration humanized mice may be partially derived from
passenger thymocytes rather than de novo from injected
HSCs educated on thymic fragment epithelial cells. As
passenger thymocytes within the fragment may have
already reached their final stages of development without
encountering mouse xenoantigens, first-generation mice
may be more prone to GVHD than second-generation
mice in which de novo human T cells mature in the presence
of mouse xenoantigens (Kalscheuer et al., 2012; Lockridge
et al.,, 2013).

To assess whether second-generation NeoThy mice were
susceptible to GVHD, we followed a cohort of five NeoThy
mice for 32 weeks post-humanization (Figure 2A). At
32 weeks, five of five mice survived while maintaining
human immune cell reconstitution of hCD45" cells. Three
of five animals showed no symptoms of GVHD, two of five
showed minor GVHD scores (Lockridge et al., 2013).
Conversely, first-generation NeoThy mice that did not
receive ohCD2 antibody died at multiple time points,
beginning at 15 weeks post-humanization. As immuno-
compromised mice are prone to infections and other causes
of death besides GVHD, large longitudinal cohorts of mice
necropsied at time of death would be required to determine
general susceptibility of the NeoThy to GVHD. As T cells
begin to emerge at ~10-12 weeks post-humanization (Fig-
ure 2B), the experimental window for transplantation
studies in the NeoThy may allow monitoring of trans-
planted grafts >20 weeks in vivo.

NeoThy mice created in NSG-W hosts using autologous
thymus and HSCs, or with thymus and allogeneic HSCs,
and in multiple donors with varying degrees of human
leukocyte antigen (HLA) matching (Figure S2B) all robustly
engrafted with human CD45*, CD19*, and CD3" cells (Fig-
ure 2B). Both first- and second-generation protocols for
NeoThy mice produce a typical component of hCD19"
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Figure 1. Engraftment of Human Thymus Tissue and Immune Cells

(A) Human neonatal thymus is abundant (e.g., 14.75 g, shown). Membrane, adipose, and blood vessels were removed and tissue processed
into large (I), then medium (II), then 1 X 1 mm fragments (III) for cryopreservation. More than 1,000 fragments suitable for trans-
plantation can be obtained from a single thymus.

(B) Implanted thymus fragments develop into organoids under the kidney capsule when co-transplanted i.v. with hCD34" cells, +/— ahCD2
antibody depletion (second- and first-generation mice, respectively). Histological analysis of first-generation fetal humanized mouse
(NSG) (left) and second-generation neonatal (NSG-W) (right) thymic organoids, including Hassall's corpuscles, are shown (4 X scale bar,
500 um; inset is 10X scale bar, 100 um).

(C) Humanized mice were generated from various human tissue samples in irradiated NSG mice w/o ahCD2 antibody depletion (first
generation) and compared for human immune cell engraftment (hCD45%), including B cells (hCD45*hCD19™) and T cells (hCD45"hCD3™) at
early (6-7 weeks post-surgery) and late (15-18 weeks) time points. In fourindependent experiments, n = 12 animals received fetal thymus
and allogeneic cord blood CD34" cells (Fet Thymus + Allo Cord), n =9 animals received neonatal thymus and allogeneic cord (Neo Thymus +
Allo Cord), n = 3 allogeneic cord only (Allo Cord Only) and n = 12 neonatal thymus alone from 3 donors (Thymus Only). The Thymus Only
condition did not receive hCD34 * cells. The Allo Cord Only condition received hCD34" cells only.

(D) Splenocytes from fetal (n = 6) and neonatal tissue-derived (n = 13) first- and second-generation mice, using both NSG and NSG-W
strains (seven independent experiments), were compared for human engraftment markers as in (C). Statistics were conducted using
ANOVA, analyzed with GraphPad Prism 7.00. The Thymus Only control was included for comparison and was not analyzed for significance.
****n < 0.0001, ***p =0.0001, **p < 0.01, *p < 0.05; ns, not significant; no bar, not analyzed. See also Figures S1, S2, and S3.

B cells and hCD3* T cells, including hCD4* and hCD8* CD4*CD127'°CD25*FOXP3* regulatory T cells were
subsets (Figure 2C, additional data not shown). Additional observed in blood, spleen, and lung (Figure 2D), along
human immune cell types relevant to transplant toler- with CD11b*, CD11c", and CD14"* myeloid cells relevant
ance and rejection were consistently detected. Human for in vivo antigen presentation (Figure 2E). These data
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Figure 2. Long-Term Survival and Engraftment of Human Immune Cells in NeoThy Mice

(A) Five second-generation and four first-generation (+/— «hCD2 antibody, respectively) NeoThy (NSG-W) mice from the same experiment
were humanized with neonatal thymus and allogeneic cord blood from one donor and followed for 32 weeks post-humanization, with no
further experimental manipulations. Second-generation mice human immune cell reconstitution of hCD45" cells was a mean of 61.6% +
17.0%, hCD45*hCD19" cells, mean of 39.4% + 11.6%, and hCD45*hCD3* cells, mean of 49.1% + 15.6% at experiment endpoint. First-
generation mice reconstitution at 14 weeks (latest measurement prior to first animal death) for hCD45" cells was a mean of 46.7% + 34.2%,
hCD45*hCD19™ cells, mean of 24.2% + 21.2%, and hCD45"hCD3™ cells, mean of 41.1% + 26.8%. Statistics were conducted using Kaplan-
Meier estimator method, compared with a log rank test, analyzed by GraphPad Prism 7.00 (p = 0.0221).

(B) Second-generation NeoThy (NSG-W) mice were humanized via implantation of neonatal thymus fragment and co-injection with either
autologous (PEDO5, see Table S1) hCD34™ cells (n = 10 mice to start, 1 mouse removed at 17 weeks + 4 mice removed at 20 weeks — n=5 at
endpoint, 2 pooled experiments) (left) or allogeneic hCD34" cells matched at 1 allele each for HLA-A, -B, and -DR (n = 12 mice to start,
1 mouse removed at 15 weeks + 6 mice removed at 20 weeks — n =5 at endpoint, 1 experiment) (right) (PEDO5 + donor Allo Cord 212, see
Table S1). Total human immune cell engraftment is shown over time. Error bars were determined using SD.

(C) Representative distributions of B and T cells are observed in blood of mice from (B) 18 weeks post-surgery.

(D) Human CD4* hCD127'°hCD25 hFOXP3* surface and intracellular flow cytometry staining for regulatory T cells are shown compiled from
one representative experiment of 13 second-generation NeoThy (NSG-W) mice engrafted with autologous PEDO5 tissues at 15 weeks and in
representative second-generation NeoThy (NSG-W, allogeneic tissues) blood, spleen, and lungs at 17-29 weeks post-humanization.

(E) Peripheral blood from 1 experiment using 10 second-generation NeoThy (NSG-W, autologous PEDO5 tissue) mice at 15 weeks were
compiled to show reproducibility within experiments (top panel) and representative staining from second-generation NeoThy (NSG-W,
allogeneic tissues) is shown for blood, spleen, and lung cells stained for the myeloid cell markers hCD11b, hCD14, and hCD11c gated on
viable single hCD45" cells at 17-29 weeks (bottom panel). See also Figures S1, S2, and S3.
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indicate that the NeoThy model harbors relevant cell pop-
ulations for T cell responses; a primary mediator of trans-
plant tolerance and allorejection.

Having shown robust engraftment of human T cells and
other immune cells, we examined T cell function in the
NeoThy model. Ex vivo engagement of T cell receptors
with ahCD3, «hCD28, and rhIL2 stimulated T cell prolifer-
ation, indicated by blast-like clustering, dilution of CSFE
dye in both CD4* and CD8" T cell populations, and produc-
tion of Thl cytokine interferon vy (Figures 3A and S2C).
NeoThy mice reconstituted with human B and T cells also
produced immunoglobulin G (IgG) and IgM antibodies
(Figure 3B), indicating a functional T helper role of CD4"
T cells as well as functional B cells. Models of human
T cell-mediated tolerance and rejection must demonstrate
antigen-specific T cell function. Using the trans vivo de-
layed-type hypersensitivity assay, we show that NeoThy
T cells mount a collagen V-specific effector response to
co-injected antigen in the presence of anti-transforming
growth factor B neutralizing antibody. This demonstrates
the utility of the NeoThy for study of innate-like Th17
cell function in the context of iPSC immunogenicity (Sulli-
van et al., 2017). Last, NeoThy mice challenged with a B6
skin graft mounted rejection responses characterized by
the two metrics of (1) hCD3" T cell infiltration and (2)
visible graft loss over time, similar to fetal tissue controls
(Figures 3D and 3E). These data demonstrate the robust
functional attributes of the T cell repertoire and the suit-
ability of the NeoThy for pre-clinical investigations of
iPSC immunogenicity.

To determine whether the NeoThy model could be used
for in vivo investigation of allogeneic human iPSC immu-
nogenicity, we reprogrammed NeoThy tissue donor cells
into iPSCs. We successfully reprogrammed donor umbilical
cord blood CD34-depleted cells (Figures S4A-S4F), and
thymic stromal cells (data not shown) into iPSCs via a
non-integrating episomal vector method (Yu et al., 2011).
These iPSCs displayed conventional markers of pluripo-
tency and were karyotypically normal. The cells were
directly differentiated into cardiac troponin T-positive
(cTNT) cardiomyocytes (CMs) (mean 75.5% cTNT*, ten
differentiations of two donor lines) (Figure S4E). The
iPSC-CMs spontaneously contracted in both 2D and 3D
suspension cultures (Movies S1 and S2). iPSC-CMs from
donor PEDO4 (Table S1) were transplanted under the kid-
ney capsule of three second-generation NeoThy mice
made with PEDOS tissues and sacrificed 26 days later
(Figure 4A).

NeoThy mice engrafted with allogeneic iPSC-CMs
showed macroscopic and histological retention of im-
planted cells (3/3) at the terminal time point and were in-
filtrated by human CD4* and CD8* T cells (Figure 4B).
The lower degree of CD8" infiltration observed could reflect

the higher ratio of peripheral blood CD4" to CD8" T cells
seen in NeoThy (Figure 2C) and BLT (Rajesh et al., 2010)
mice, and/or it could be due to the HLA-A2 match (associ-
ated with CD8* T cell recognition) and HLA-DR mismatch
(associated with CD4™ T cell recognition) between graft and
recipient in the experiments.

Metrics for assessing rejection/tolerance of PSC thera-
pies, in humanized mice and other models, vary among
research groups and cell types (de Almeida et al., 2014;
Kooreman et al., 2017; Sugita et al., 2016; Zhao et al.,
2011). Progression of the field will require cell-type-specific
criteria, informed by clinical solid organ transplantation
guidelines (Haas, 2016; Solez et al., 1993). Our metric of
graft infiltration can indicate a tolerance (de Almeida
et al., 2014; Ling et al., 2015) or rejection response (Zhao
etal., 2011). We cannot make a definitive conclusion about
iPSC-CM transplant rejection, as this will require future
studies at multiple time points corroborated with in vitro
assays, such as the mixed lymphocyte reaction (Bach and
Voynow, 1966) and other observations, such as graft
destruction or disruption of function. Assessing mecha-
nisms of graft infiltration in the NeoThy will be a key
component of PSC immunogenicity studies going forward.

One previous report described humanizing animals
with neonatal thymus, albeit without HSC co-injection
(Barry et al., 1991). Our control data from Figure 1C
(thymus-only) confirm their observations that thymic
fragments are retained but without appreciable circu-
lating human CD45" cells. We did not observe human
immune cells in our controls at early time points
(6-7 weeks), and only 2 of 12 animals showed very low
peripheral blood engraftment by 15-18 weeks (time point
not measured by Barry et al., 1991). These later-emerging
cells were overwhelmingly T cells, suggesting the emigra-
tion and homeostatic proliferation of passenger thymo-
cytes from the thymic graft. In contrast, the robust circu-
lating immune cells in the NeoThy are likely due to HSC
co-injection coupled with human thymic education
in vivo, as described below. The NSG-W host strain’s
more thorough immuno-depletion and/or use of quickly
processed neonatal patient thymic explants may also
have influenced our results.

A recently published report illustrated deficiencies in the
T cell function of fetal BLT mice resulting in impaired
alloimmune rejection of endothelial cells (Kooreman
et al., 2017). This contrasts with our ex vivo assay of T cell
proliferation following TCR stimulation (Figures 3A and
S2C). We also tested the NeoThy versus fetal tissue control
animals for markers associated with naive versus memory
Tcells (Figure S1C). We observed statistically significant dif-
ferences in levels of CD45RA™ T cells among CD4", but not
CD8*, cells. In addition, there were smaller but statistically
significant differences in the CD45RO* T cells among
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Figure 3. Human Immune Cell Function in the NeoThy

(A) Ex vivo splenic T cells from a representative second-generation NeoThy (NSG-W, allogeneic tissues) mouse were labeled with CFSE dye
and stimulated with 5 pg/mL ahCD3 (0KT3) antibody + «hCD28 + 300 IU/mL hIL2 and compared with unstimulated control with hIL2
alone. Flow cytometric analysis of CFSE dye dilution, gated on CD3* cells, is shown: black line, unstimulated control; red line, stimulated
condition, both at day 4 ex vivo. ELISA for human interferon y (IFN-y) was performed on day 4 cell culture supernatants. Error bars were
determined using SD. ND, indicates no detection.

(B) Serum samples from 4 pooled independent experiments of second-generation NeoThy (NSG-W) (n = 9) and fetal thymus mice (n =7)
(both with allogeneic tissues) with verified B and T cell engraftment, 10-23 weeks post-humanization, were analyzed by ELISA for the
concentration of human immunoglobulin G (IgG) and IgM antibodies. Healthy adult human serum (Hu Control) was used as a positive
control. Statistics were conducted using ANOVA and no significant differences were found between fetal and NeoThy models for IgG or IgM.
(C) Antigen-specific T cell functionality in second-generation NeoThy (NSG-W) mice is measured by tvDTH assay via uncovering of a
collagen V (Col V)-specific response after a transforming growth factor B («TGF-B) Ab blocking.

(D and E) In one experiment, B6 mouse skin was grafted onto 12-14 weeks first-generation fetal (n = 3 mice) and NeoThy mice (n =6, NSG,
both allogeneic tissues), and non-humanized NSG controls (n = 3). Visible graft destruction (top right panel) and histological infiltration
of hCD3™ T cells into rejecting B6 skin grafts (bottom right panel) is shown. Scale bars, 100 um (20X ). Fetal tissue engrafted mice had a
mean human immune cell reconstitution of 17.9% +3.0% hCD45" and 46.2% + 15.3% hCD45"hCD3" and NeoThy mice had a mean of
68.6% + 27.3% hCD45" and 49.2% + 27.6% hCD457hCD3™ just prior to skin transplant surgery. Graft rejection was classified as presence of
macroscopic lesions and hair loss for >5 days, coupled with hCD3* infiltration. Statistics were conducted using Kaplan-Meier estimator
method, compared with a log rank test, analyzed by GraphPad Prism 7.00. Differences were not significant. See also Figures S1 and S2.

CD8*, but not CD4", cells. Future studies will explore ences in lymphopenia-induced proliferation between the
whether these differences are biologically significant, e.g., NeoThy and fetal models.

if they impact the alloimmune response to various iPSC- Interestingly, HLA-B58 disparity tracking experiments
derived cell types, and whether there are meaningful differ- show that passenger thymocytes from thymus fragments
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iPSC-CM Aggregates

Figure 4. Transplantation of iPSC-Derived
Cardiomyocytes in the NeoThy Mouse

(A) Contracting aggregates of allogeneic iPSC-
cardiomyoctyes (CMs) were transplanted under
the right kidney capsule of second-generation
NeoThy (NSG-W) mice (15 weeks post-humani-
zation surgery), and non-humanized NSG-W
controls. Engrafted CMs are visible (dotted
boxes), on days 0 and 26 harvest.

(B) A representative image of immunohisto-
chemical staining on day 26 grafts shows hCD4*
and hCD8" T cells within the cTNT" graft (black
arrows). NeoThys had a mean of 84.4% +1.4%
hCD45* and 21.5% + 26.0% hCD45*hCD3* just
prior to transplant surgery. All mice NeoThy
and control mice retained transplanted graft
26 days in vivo. Scale bars, 100 pm (10X). See
also Figure S4.

repopulate first-generation mice (not given «hCD2
antibody), in an early wave of hCD3™" T cell emergence (Fig-
ure S3). These mice have a mix of B58-positive and -nega-
tive T cells (Figure S3B, left plot), indicating both de novo
T cell development from HSCs as well as passenger thymo-
cyte emigration and proliferation. In contrast, second-gen-
eration mice (with «hCD2 antibody) (Figure S3B, right
plot) exhibited a delay in T cell emergence and T cells
uniformly expressed the HLA type of HSC source. This
observation indicates the antibody-depleted passenger
thymocytes from the thymic graft and these mice were
reconstituted primarily with de novo T cells, as reported pre-
viously (Kalscheuer et al., 2012).

Using the clinically relevant metrics of immune cell
frequency, and ex vivo and in vivo T cell function, the
NeoThy humanized mouse model is a viable alternative
to fetal tissue humanized mice. In addition to using the
NeoThy for investigation of the immunogenicity of iPSC-
derived cell therapies, the shear abundance of neonatal
thymic tissue allows for other intriguing applications.
Recent breakthroughs in developing PSC-derived HSCs
could be validated in the NeoThy (Sugimura et al., 2017).
By investigating the T lymphopoietic potential of iPSC-
derived HSCs educated by iPSC donors’ thymic fragments,
comparing them with autologous primary cord blood HSC
controls (Wang et al., 1997).

The NeoThy model can play an integral role, in conjunc-
tion with in vitro assays of immunogenicity, in future
studies investigating patient immune responses to self
and allogeneic iPSC therapies and will also be of great value
for hematopoiesis, transplant immunology, and virology
research.

EXPERIMENTAL PROCEDURES

This work was approved by the Animal Care and Use Committee of
the University of Wisconsin School of Medicine and Public Health
and the Health Sciences Institutional Review Board, and complied
with federal and state law. Humanized mice were generated simi-
larly to previously published reports (Kalscheuer et al., 2012; Lan
et al., 2006). In brief, 6- to 10-week-old immune-compromised
250 RAD irradiated NOD.Prkdc*“II12Ry—/— (NSG) and non-irradi-
ated NOD,B6.SCID I12ry~~Kit"W*#/W41 (NBSGW, described in text
as NSG-W) mice were used as host animals. Cryopreserved
CD34-enriched HSCs were plated in SFEM medium (STEMCELL
Technologies) plus 100 ng/mL rhStem Cell Factor (Miltenyi
Biotech), and incubated at 37°C in 5% CO, overnight. The next
day, 0.5-1.5 x 10° HSCs were injected (i.v.) into anesthetized
mice, coinciding with cryopreserved thymus fragment implanta-
tion surgery into the kidney capsule. A subset of mice also received
i.v. hCD2 antibody (100 pg) at days 0 and 7 post-surgery. Detailed
methodology is available in the online Supplemental Experi-
mental Procedures.
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