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Abstract

Non-human primates (NHPs) represent one of the most important models for pre-clinical studies
of novel biomedical interventions. In contrast with small animal models, however, widespread
utilization of NHPs is restricted by cost, logistics, and availability. Therefore, we sought to
develop a translational primatized mouse model, akin to a humanized mouse, to allow for high-
throughput /in vivo experimentation leveraged to inform large animal immunology-based studies.
We found that adult rhesus macaque mobilized blood (AMb) CD34+ enriched hematopoietic
stem and progenitor cells (HSPCs) engrafted at low but persistent levels in immune-deficient
mice harboring transgenes for human (NHP cross-reactive) GM-CSF and IL3, but did not in
mice with wild-type murine cytokines lacking NHP cross-reactivity. To enhance engraftment,
fetal liver-derived HSPCs were selected as the infusion product based on an increased CD34M
fraction compared to AMb and bone marrow. Coupled with co-transplantation of rhesus fetal
thymic fragments beneath the mouse kidney capsule, fetal liver-derived HSPC infusion in
cytokine-transgenic mice yielded robust multilineage lymphohematopoietic engraftment. The
emergent immune system recapitulated that of the fetal monkey, with similar relative frequencies
of lymphocyte, granulocyte, and monocyte subsets within the thymic, secondary lymphoid, and
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peripheral compartments. Importantly, while exhibiting a predominantly naive phenotype, /in vitro
functional assays demonstrated robust cellular activation in response to non-specific and allogenic
stimuli. This primatized mouse represents a viable and translatable model for the study of
hematopoietic stem cell physiology, immune development, and functional immunology in NHPs.
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Summary Sentence

Engraftment of rhesus macaque hematopoietic tissues in immune-deficient mice yields a robust
BLT/NeoThy-type primatized mouse model for studying non-human primate hematopoiesis and
immune function /n vivo.
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1. Introduction

Humanized mouse models have enabled important discoveries involving human
hematopoietic engraftment[1] and leukocyte development.[2] In recent years, humanized
mice have become a useful tool for pre-clinical experimental study of human immune
function.[3] Similarly, non-human primates (NHPs), such as the rhesus macaque (Macaca
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mulatta), serve as important large-animal models for pre-clinical translational studies of
novel therapeutics given their biological similarities to humans.[4] However, the high cost
and prolonged timelines associated with NHP experimentation are critical barriers to their
effective and efficient use in large-scale biomedical research.

We sought to develop a mouse model with an NHP immune system akin to BLT/NeoThy-
type humanized mice,[5-7] to investigate, in a high-throughput manner, the relationship
between NHP hematopoietic stem/progenitor (HSPC) ontogeny stage and engraftment, as
well as leukocyte function. Such a primatized model would allow for investigation of factors
that influence NHP hematopoietic engraftment, and enable more efficient large-animal
studies in transplant immunology and virology.

There are a limited number of prior published descriptions of NHP-derived hematopoiesis
and leukocyte development in immune-deficient mice, each with significant limitations
precluding widespread use of existing models.[8-11] However, to our knowledge, there have
been no reports of BLT/NeoThy-type primatiziation utilizing 1V injection of HSPCs with
surgical transplantation of NHP thymic tissue, the current gold-standard for humanization
studies. In a recent study, Radtke et al. utilized a powerful next-generation host, the
MISTRG mouse, harboring multiple human hematopoietic transgenes, including SIRPa,
M-CSF, Thrombopoietin, GM-CSF, and IL-3 on a RAG2-/- IL2Rg—/- background.[12]
Though this is important work in the field, unfortunately, this host strain is not widely-
available commercially, precluding their widespread use. Additionally, in this particular
case, the authors’ most robust induction of hematopoietic engraftment relied on use of a rare
FACS-sorted HSPC population, resulting in a low-throughput model and thus complicating
its feasibility for large-scale studies. Furthermore, although the primatized mice developed T
lymphocytes via the native murine thymus, these cells harbored limited functional capacity
due to a lack of NHP MHC selection cues. This deficiency resulted in a suboptimal model
for study of NHP MHC-restricted immune responses.

This limitation, and those of other cited attempts, illustrates the importance of tissue
implantation coupled with cellular transfusion for succesfull primatization. Crucially,
mouse hosts must have a sufficient transgenic background to allow for robust HSPC
engraftment and primatization. In our study, we aimed to develop a tractable BLT/NeoThy-
type primatized mouse model to use in pre-clinical studies of hematopoietic engraftment,
immunologic development, and leukocyte function.

Materials and Methods

2.1 Tissue Processing and Cell Purification

Experiments were approved by the Animal Care and Use Committees of the University

of Wisconsin-Madison School of Medicine and Public Health, the College of Letters and
Sciences and the Vice Chancellor’s Office for Research and Graduate Education. NHP fetal
tissues were obtained from fetuses 96—-100 days gestation that went to necropsy during the
course of other research studies. NHP fetal liver was processed by macerating the tissue over
a 100um cell strainer, and leukocytes were collected with Lymphocyte Separation Medium
(Corning, Manassas, VVA). The amount of tissue was similar in quantity to human fetal
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tissue at the timepoint typically used for humanized mice, and therefore an approximately
similar number of mice per donor can be derived from NHP and human fetuses. HSPCs
were enriched using NHP-CD34-APC antibody (clone 563, BD Biosciences, San Jose,

CA) and MACS anti-APC beads (Miltenyi, Bergisch Gladbach, Germany). NHP thymus
was processed from fetal rhesus macaques by placing necropsied thymus in cold media,
removing extraneous tissue, then dissecting into 1Imm x 1mm fragments. Cells and tissue
were cryopreserved in CryoStor medium (Stem Cell Technologies, Vancouver, BC Canada).

2.2 Primatization Surgeries and Secondary Transplantation

Primatized mice were generated similarly to previously published humanization reports.[7,
13] Briefly, 6-10-week-old male and female NBSGW, NOG-EXL, or NSG-SGM3 mice
were 1V injected with 1x105-1x10% CD34" rhesus cells. Cryopreserved rhesus fetal thymus
fragments were surgically implanted under the mouse kidney capsule. Mice also received
IV injection of aCD2 antibody (clone LoCD2a,100pg) at days 0 and 7 post-surgery, as
previously described.[7] All mice were treated with Buprenorphine SR at day 0, and with
Baytril antibiotic for 10 days post-surgery.

2.3 Mouse Blood Collection and Immunoprofiling by Flow Cytometry

Peripheral mouse blood was sampled via retro-orbital bleed using heparin-coated capillary
tubes (Thermo Fisher Scientific, Waltham, MA) into microtubes containing 150l of 2%
dextran/dPBS—-/- and 150ul of 0.5%-Heparin solution (Sigma Aldrich, Saint Louis, MO).
After 20 minutes of settling, the leukocyte-containing upper layer was spun down at 400g
x 5 minutes and resuspended in ACK red blood cell lysis buffer (Thermo Fisher Scientific,
Waltham, MA), then washed for downstream analysis. Cells were stained for NHP-CD45
(clone D058-1283) and immune subset markers (additional marker and clone information
available in Supplemental Materials). Upon necropsy of recipient mice, fresh splenocytes,
lymph node tissue, and bone marrow (BM) were isolated, stained with the aforementioned
antibodies, and fixed in 4% PFA. Flow cytometric data were acquired using an LSR |1 or
FACSymphony cytometer (BD Biosciences, San Jose, CA). Data analysis was performed
using FlowJo software (Treestar, San Carlos, CA). Serum was collected by placing blood
in an empty tube, allowing for clotting over 20 minutes, then centrifuging at 1000g x 10
minutes.

2.4 Mixed Lymphocyte Reactions and Stimulation Assays

Freshly isolated splenocytes (responder cells) from primatized mice were collected, labeled
with Cell Trace Violet (CTV) (Thermo Fisher Scientific, Waltham, MA), then plated for 5
days under various stimulatory conditions. Recombinant human IL-2 (PeproTech, Cranbury,
NJ) was added to a subset of MLR wells at a concentration of 100ng/well.

3. Results and Discussion

3.1 Low-level engraftment of adult HSPCs in transgenic immune-deficient mice

We first tested engraftment of a commonly available NHP HSPC source, adult mobilized
blood (AMDb), in an immune-deficient NSG-variant mouse, the NBSGW.[7, 14] Using
magnetic beads, we sorted CD34" cells from AMb and IV injected into naive NBSGW mice
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(Fig. 1A). Peripheral blood engraftment was monitored by presence of NHP-CD45+ cells.
After 18 weeks, we were unable to detect any engraftment of primate cells after infusion of
AMDb product within this host (data not shown).

Next, the NOG-EXL recipient strain was evaluated. This strain incorporates two transgenic
human cytokines (GM-CSF and IL3) that have a high degree of homology and subsequent
cross-reactivity with NHPs. We hypothesized that the human-NHP cross-reactive cytokines
would be sufficient to enhance the engraftment potential of rhesus AMb HSPCs.

This is supported by observations in the NOG-EXL and similar strains (e.g., NSG-

SGM3, MISTRG) of enhanced human engraftment and chimerism, which was similarly
demonstrated in one prior primatization study.[9]

IV injection of 1x10°-1x10% CD34* AMb cells resulted in moderately durable engraftment
in irradiated NOG-EXL mice vs. humanized mice made with umbilical cord-derived CD34*
HSPCs (Fig. 1B,C). Engrafted NHP leukocytes demonstrated CD20* B cell predominance
with an absence of T cells. The results were reproducible (Fig. 1D), indicating the possibility
of stable engraftment of adult NHP HSPC populations. However, low-level engraftment and
lack of T cell development may impose limits on the use of this model for hematopoietic
studies or leukocyte functional assays.

The paucity of T cells was attributed to the absence of thymic implantation. This is
consistent with several reported studies,[15] as well as our prior experience.[7] Despite this
limited durability, we established a framework for subsequent experiments. Specifically,
we successfully identified a transgenic host and confirmed the importance of thymic
implantation for developing a functional and MHC-restricted/donor-matched peripheral
immune compartment. Our results with adults cells do not preclude successful engraftment
of these cells in future primatized mouse model iterations.

3.2 Robust primatization of transgenic immune deficient mice

To enhance the applicability of our model, we developed new methods to establish a more
robust primatized immune system within the NOG-EXL host. Several sources of HSPCs
were evaluated, including adult BM and a variety of fetal cells (100 days gestation) in
addition to the AMb described above (Sup. Fig. 1A,B). CD34" cells were magnetically
enriched to >90% purity prior to cytometric phenotyping. The fetal-derived samples had
significant numbers of CD34M cells, which are associated with augmented engraftment,
compared to AMb (Fig. 2A).[16, 17] Importantly, these CD34N cells are known to contain
the HSPCs subsets with the greatest hematopoietic potential, described previously to be the
lineage"®9CD34NCD45MACD117*CD45RA-CD90* fraction.[18] Based on these findings,
we focused on determining if fetal-derived HSPCs would be well-suited for the induction of
NHP chimerism in our transgenic host. Another important practical consideration is that at
the fetal developmental age there should be a sufficient quantity of CD34™" cells and thymus
tissue to allow for BLT-(fetal tissue) type primatization of multiple hosts from a single fetal
rhesus donor.

To determine the promise of this HSPC source, we IV injected 1x106 cryopreserved
fetal liver-derived CD34" cells into the irradiated NOG-EXL host. Additionally, fragments
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of cryopreserved fetal thymus were surgically implanted under the kidney capsule after

cell infusion, as multiple prior studies have demonstrated the utility of thymic organoid
co-transplantation as an essential component of T cell development and maturation in
BLT/NeoThy-type humanized mice (Fig. 2B).[7, 13] To facilitate removal of “passenger
thymocytes,” known to contribute to graft-vs-host-disease (GVHD), recipient mice were
injected with anti-CD2 antibody, which binds and depletes fetal NHP thymoctyes (Sup. Fig.
1C). Implementation of this protocol yielded robust multilineage chimerism of NHP-CD45*
cells in all animals (Fig. 2C,D), for long durations (20 weeks at study completion) without
apparent GVHD. We anticipate that future studies will determine the incidence of GHVD

in longer-term studies in this model, as this is an important complication associated with
humanization of mice and, indeed, could be leveraged in this model to better understand the
mechanisms of GVHD pathogenesis.

Engraftment was demonstrated in both CD20* and CD3* lymphocytes, with a significant
increase in T cell percentages over time (Fig. 2D). This indicates de novo T cell
development in the thymic organoid, which is explored further below via examination of
developing thymocytes (Fig. 4). Typical ratios of CD4* and CD8* T cells were present in the
peripheral blood, with a majority of cells demonstrating a naive phenotype (CD28*CD957),
similar to the fetal NHP immune system (Fig. 3A,B; Sup. Fig. 2A). In contrast, the
antigen-experienced NHP adult has higher relative percentages of central (CD28*CD95%)
and effector memory (CD28~CD95%) T cells. Interestingly, CCR7 expression on CD4+

T cells in primatized mice and primary NHP fetuses demonstrated marked enhancement
compared to adult NHPs (Sup. Fig. 2B). CCR?7 is known to be involved in thymic homing
during murine immune development, raising the possibility that upregulation is related to
tissue-specific chemotaxis and T cell maturation. However, further exploration is needed.
[19]

Also consistent with the fetal immunoprofile, the B cell compartment within our NHP mice
was largely naive (CD27-IgD*) (Fig. 3C; Sup. Fig. 2C). NHP-derived monocytes (Fig.

3D), granulocytes (Fig. 3E), and CD16™9 NK cells (Fig. 3F) were also present. NK cell
frequency was suboptimal, comparable to conventional humanized BLT mice, but potentially
could be improved in future iterations of the model via administration of exogenous IL-15,
[20] for example, or other cytokines supportive of NK cell development, homeostasis, and
function. Further, animals developed comparable levels of the inflammatory cytokine, 1L-12,
as well as chemokines, RANTES and MDC, vs. adult NHP controls (Fig. 3G). Taken
together, these findings demonstrate robust reconstitution of a diverse, multilineage immune
system following hematopoietic engraftment. In contrast to prior primatization reports,

the multilineage nature of this engraftment has wide-reaching implications for studies of
immunologic maturation and function.

3.3 Fetal thymic organoid, secondary lymphoid repopulation, and tissue- resident
immune cells

The transplanted fetal NHP thymus fragment produces a large thymic organoid in the
recipient mice (Fig. 4A), similar to previous humanized mice reports from our group and
others[5, 7]. The histologic structure was similar to that seen in primary fetal thymus
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(Fig. 2D), with well-developed Hassall’s corpuscles (Fig. 4B) as well as CD3* thymocytes
within the cortical and medullary regions (Fig. 4C). Flow cytometric analysis revealed
developing double-positive CD4*CD8* thymocytes, as well as single-positive CD4* and
CD8* T cells (Fig. 4D), similar to the primary fetal thymus (Sup. Fig. 3A). Importantly,
secondary lymphoid tissues (lymph nodes and spleen) were also repopulated with NHP-
derived lymphocytes (Fig. 4E,F), consisting of both CD20+ B cell and CD3+ T cell
populations (Sup. Fig. 3B), as well as CD8+ and CD4+ T cell subsets (Sup. Fig 3C).
Furthermore, tissue-resident NHP lymphocytes were found, albeit at low levels, within end
organs involved in immune surveillance and defense (e.g., intestine), as demonstrated by
lymphocyte aggregation and positive CD3 staining (Fig. 4G). The tissue-resident chimerism
could be increased in future iterations of the model, similar to how addition of transgenic
cytokines improves such chimerism in humanized mice.[21] Reconstitution of primary and
secondary lymphoid organs are an essential component of immunologic maturation and
function, which underscores the utility of this model for future virology studies, including
investigation of acquired immunodeficiencies. This notion is supported by preliminary data
demonstrating SIVm;c239 replication within primatized mouse splenocytes (Sup. Fig. 4D).

3.4 Bone marrow engraftment and secondary transplantation

To assess the efficiency of true hematopoietic stem cell (HSC) engraftment within the
mouse BM, we isolated BM from the femur, and performed flow cytometric analysis of
specific markers associated with HSC identity. The BM contained a rich population of
lineage-negative CD34*CD38!°CD45RAMICDI0* cells (Fig. 5A). To test the viability and
functionality of these HSPCs, total BM was secondarily transplanted into two strains of
transgenic immune-deficient mice (Fig. 5B). The NSG-SGM3 variant includes transgenic
human SCF in addition to IL-3 and GM-CSF present in the NOG-EXL strain. Importantly,
secondary engraftment was evident in both strains, demonstrating the strong engraftment
potential of the transplanted HSPCs. Also of interest, the NSG-SGM3 model yielded a
marked increase in secondary NHP-CD45* chimerism, likely due to the addition of human
SCF, warranting future studies. The durable primary and secondary engraftment within
these models suggests true HSC engraftment, and allows for future studies of hematopoietic
potential of HSPC subsets. It also creates the potential for testing novel non-myeloablative
conditioning regimens prior to large animal implementation.

3.5 Development of functional immune cells

Having established durable engraftment and immune reconstitution, we sought to validate
the translational potential of the model in functional NHP immunologic studies. We
conducted a series of stimulation assays to characterize the functional fitness of the
peripheral T cell compartment. Splenocytes from primatized mice were exposed in vitro

to mitogens (PMA/lonomycin and PHA) to evaluate T cell proliferative capacity. After five
days in culture, stimulated T cells were found to have undergone robust, multigenerational
proliferation, indicating responsiveness to non-specific stimuli (Fig. 6A). Based on these
findings, mixed lymphocyte reactions (MLRs) were set up with isolated splenocytes in an
attempt to induce an MHC-restricted allo-specific immune response (Fig. 6B). As expected,
robust T cell activation and proliferation were induced in the presence of MHC-disparate
irradiated adult NHP cells. This allogeneic response was increased upon introduction of
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the inflammatory cytokine IL-2 (Fig. 6B, right panel), mimicking the hostile post-allogenic
transplant environment. Importantly, activated T cells produced IFN and TNFa in response
to allogeneic stimulation (Fig. 6C), further demonstrating the development of functional T
cells in the NHP mice. These findings have notable implications in the field of transplant
immunology, which is highly dependent on NHP studies given the disparate nature of
small animal and human allo-immune responses. Moreover, the morbidity and mortality

of human trials is a barrier to the development of robust immunomodulating therapies

in transplantation, further emphasizing the importance of effective large animal models.
The uncovering of conserved allo-immune responses in these primatized mice opens the
door for extensive experimentation in a proven translationally-relevant species, which will
allow for more efficient and precise large animal studies and subsequent human clinical
implementation.

To conclude, we successfully established a durable primatized mouse model by transplanting
fetal liver-derived CD34* HSPCs and thymic fragments into a novel and commercially
available transgenic murine host. Although there have been previous reports of mouse
primatization, this represents the first model with robust multilineage chimerism and
immune reconstitution within multiple physiologic compartments, mirroring the donor
primate. This model is well-poised for multiple applications within the fields of stem cell
biology, developmental immunology, virology, and transplant immunology, all of which
currently rely on NHP models. The primatized mouse can be leveraged as an efficient,
cost-effective mechanism to inform implementation of novel therapeutic or diagnostic NHP
studies, thus minimizing the risk and logistical burden of large animal models. Further,
creation of primatized mice with other NHP species (e.g., cynomolgus macaques), and/or
utilization of neonatal tissues for primatization of NeoThy (non-fetal, neonatal tissue)
animals will enable novel studies of species-specific immune responses and ontogeny-
associated immune cell development and function. By accelerating the pace of NHP studies
through the utilization of this primatized model, we hope that impactful and potentially
life-saving approaches can be more rapidly translated to the bedside, thus more-efficiently
advancing the field of clinical medicine.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Low-Level Engraftment of Adult Mobilized Blood HSPCsin Immune-Deficient Mice.
(A) Frozen mobilized blood from a male adult rhesus was processed via MACS beads to

isolate CD34* cells for injection. Post-enrichment purity in this example was 91.9%. 1x10°—
1x10% cells were IV injected per mouse for all experiments. (B) Representative flow plots

of NHP mice (top) showing overall NHP-CD45 vs. Mouse-CD45 engraftment and CD20*

B cell and CD3™ T cell frequency of the NHP-CD45* cells, compared to human cord blood
CD34" injected controls (bottom). 1x10° CD34* cells were injected, and 55¢G Y-irradiated
NOG-EXL strain was used for both sets of mice. NOG-EXL mice harboring human IL3 and
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GM-CSF transgenes were injected with 1x108 NHP-CD34* cells per animal and monitored
for chimerism (representative animal shown in C) over time in multiple animals (D). Results
in D are shown at 8-11 weeks post-injection, compiled from n=2 separate experiments.
Value of 0.1 and/or <4 positive events were considered background and listed as 0%
engraftment.
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Figure 2. Robust Engraftment of Fetal Liver HSPCsand Thymic Tissuein NOG-EXL Mice.
(A) NHP-CD34 hematopoietic stem and progenitor cell (HSPC) purity was measured

following MACS-purification of rhesus mobilized blood (left, negative control = unstained
cells) and fetal liver (right, negative control = negative MACS fraction), including CD34lo
and CD34hi populations. Mobilized blood was from the same donor but a separate
purification than shown in Figure 1. (B) Thymus tissue was dissected into 1mm x 1mm
fragments suitable for primatization experiments, and histological analysis of H&E stained
thymus sections shows anatomical structures required for T cell development (medulla,
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cortex, Hassell’s corpuscles). (C) Two NOG-EXL mice were transplanted with a common
source of fetal rhesus thymus tissue and 1V injected with 1x10% CD34" cells isolated from
fetal liver of the same donor. Overall engraftment (NHP-CD45 vs mouse-CD45) at week

11 post-surgery is shown on the left, and the proportion of the NHP-CDA45 cells expressing
the B cell marker CD20 and T cell marker CD3 is shown on the right. (D) Engraftment
kinetics are shown from week 4 post-primatization surgery to week 11 in a cohort of 6

mice made from a second tissue source, started at the same time. Two mice were analyzed
at all timepoints, two were removed after 5 weeks due to premature death, and two were
included in the analysis at 10 and 11 weeks (logistical issues preclude their analyses at early
timepoints).
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Figure 3. Primatization Yielded Multilineage Reconstitution of the Peripheral Immune System.

Flow cytometric analyses of peripheral CD8" T cell (A), CD4* T cell (B), and CD20*

B cell (C) subsets were performed on gated NHP-CD45* cells from engrafted NHP-mice
at 20 weeks post-infusion, which was compared to fetal (96 days gestation) and adult
(15-years-old) adult NHP peripheral blood controls. Representative flow plots are shown
here, summaritive bar graphs from multiple analyses are presented in Supplemental
Figure 2. (D) Peripheral recovery of non-classical (NHP-CD45"CD3~CD20"HLA-
DR*CD14loCD16"), intermediate (NHP-CD45*CD3~CD20"HLA-DR*CD14*CD16%),
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and classical (NHP-CD45*CD3"CD20"HLA-DR*CD14*CD16™) monocyte subsets

in NHP-mice were compared to fetal and adult NHP controls. (E) NHP-

mouse granulocyte recovery, including basophils (NHP-CD45*CD20"CD3"NKG2A HLA-
DR™CD147CD123hiCD66~CD33l0CD39mid), neutrophils (NHP-
CD45*CD20"CD3"NKG2A"HLA-DR~CD14*CD123-CD66"CD33hiCD39l0),

and eosinophils (NHP-CD457CD20~"CD3"NKG2A HLA-
DR™CD14~CD123l0CD66hiCD3310CD39%), were compared to adult NHP controls. (F)
Peripheral NHP-CD45*Lineage-NKG2A* NK cell subsets in the NHP mouse were
compared to adult NHP controls. (G) Serum samples from NHP mice 12-16 weeks post-
primatization were analyzed by 29-plex NHP Luminex panel for presense of cytokines and
chemokines vs control that received a thymus implantation surgery but no CD34* injection.
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Figure 4. Fetal Thymic Organoid, Secondary Lymphoid and Tissue-Resident Immune Célls.
Thymic organoids formed in engrafted NHP mice (A) shown grossly, with (B) H&E staining

including well-organized medullary and cortical regions, as well as Hassall’s corpuscles,
consistent with native thymic histology. (C) Anti-CD3 (rhesus) staining identifies the
presence of diffuse T cell distribution within the cortex and medulla, which is supported
by (D) flow cytometric analysis of CD4* and CD8", including developing double positive
CD4*CD8* subsets within the thymic organoid of a fully engrafted primatized mouse.
Secondary lymphoid tissue, including lymph node (E) and spleen (F) are populated with
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NHP-derived leukocytes (NHP-CD45+) as demonstrated by flow cytometric analysis of
NHP-CD45+ staining. (G) Cross-sectional H&E and anti-CD3 stained histology reveals
tissue-resident T and non-T lymphocytes (denoted by arrows) within the intestinal villi of
the mature NHP mouse.
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Figure 5. Hematopoietic Engraftment in NHP Mouse Bone Marrow and Secondary

Transplantation.

(A) Bone marrow (BM) was harvested from NHP mouse femurs and analyzed for
hematopoietic stem and progenitor markers (lineage negative CD38(lo)CD34+ and

CD45RA —

" HSCs

16.6%

CD38(lo)CD34+CD45RA-CD90+ HSPC subsets, values given as a percentage of NHP-
CD45+ cells). (B) Total BM cells were harvested from NHP mouse femurs and transplanted
via IV injection into secondary, naive NSG-SGM3 mice, which have human IL3 and GM-
CSF transgenes, similar to the NOG-EXL, but also harbor a human SCF transgene. 2x10°

total cells injected per animal, n=8, 5 males and 3 females. NOG-EXL mice were also

injected (2x106 total cells per animal) and monitored for engraftment over the course of 7
weeks. N=4 male mice, two mice died between weeks 4 and 5.
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Figure 6. NHP Mice Immune Cell Function.
Splenocytes from primary NHP mice were harvested, labeled with Cell Trace Violet

(CTV), and then stimulated with 10x PMA/lonomycin or PHA (10ug/ml), which (A)
resulted in robust T cell proliferation [CTV(l0)] in culture. A mixed lymphocyte reaction
(MLR) was performed with isolated NHP mouse splenocytes mixed in a 2:1 dilution

with counter-labeled, irradiated adult NHP PBMC (B) yielding multiple cycles of in vitro
T cell proliferation in response to allogenic stimulation; IL-2 (100ng) was added for

one condition as an additional inflammatory stimulus present in the post-transplantation
microenvironment. At the termination of the MLR, cells were additionally assayed (C) by
intracellular flow cytometry for interferon gamma (IFN-y) and tumor necrosis factor alpha

(TNFa) production.
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