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ABSTRACT

Humanized immunodeficient mice serve as critical

models for investigating the functional interplay between
transplanted human cells and a pre-reconstituted human
immune system. These models facilitate the study of
molecular and cellular pathogenic mechanisms and
enable the evaluation of the efficacy and toxicity of
immunotherapies, thereby accelerating their preclinical
and clinical development. Current strategies rely on
inefficient, long-term/delayed hematopoietic reconstitution
by CD34+ hematopoietic progenitors or short-term
reconstitution with peripheral blood mononuclear cells
(PB-MNCs) associated with high rates of graft-versus-
host disease (GvHD) and an inefficient representation

of immune cell populations. Here, we hypothesized

that immunologically naive cord blood mononuclear

cells (CB-MNCs) could serve as a superior alternative,
providing long-lasting and functionally effective

immune reconstitution. We conducted a comprehensive
comparison between the non-obese diabetic (NOD).
Cg-PrkdcA’scid-IL2rgA"tm1Wjl/SzJ (NSG) and NSG-
Tg(CMV-IL3,CSF2,KITLG)A™ 1 Eav/MIoySzJ (NSGS)
immunodeficient mouse models following humanization
with either PB-MNCs or CB-MNCs. We assessed the
engraftment dynamics of various human immune cells
over time and monitored the development of GvHD in both
models. For the most promising model, we extensively
evaluated immune cell functionality in vitro and in vivo
using sarcoma and leukemia xenografts. Humanizing
NSGS mice with CB-MNCs results in a rapid, robust, and
sustained representation of a diverse range of functional
human lymphoid and myeloid cell populations while
minimizing GvHD incidence. In this model, human immune
cell populations significantly impair the growth and
engraftment of sarcoma and B-cell acute lymphoblastic
leukemia cells, with a significant inverse correlation
between immune cell levels and tumor growth. This study
establishes a fast, efficient, and reliable in vivo platform for
various applications in cancer immunotherapy, particularly
for exploring the complex interactions between cancer

3,7,8
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cells, immune cells, and the tumor microenvironment in
vivo, prior to clinical development.

INTRODUCTION
Humanized immunodeficient mouse models
offer significant potential for accelerating
preclinical research and clinical development
of novel therapies. By establishing or recon-
stituting a functional human immune system
in these models, the complex interactions
between human cancer cells, immune cells
and the tumor microenvironment (TME) can
be studied in vivo. These models are invalu-
able for dissecting the molecular and cellular
mechanisms underlying specific diseases
and for driving the development of novel
therapeutic strategies." Recent advances in
cellular immunotherapies have relied heavily
on insights gained from humanized mouse
models, particularly in elucidating the mech-
anisms underlying immune checkpoint inhi-
bition, CAR-T cell therapies and monoclonal
antibody-based thf:rapies.Q_6 Evaluating the
efficacy and safety of these immunother-
apeutic strategies in a setting that closely
mimics the human immune system is critical
and expedites their clinical translation.” !
Historically, humanization efforts have
used two main approaches: (1) engraftment
of immunodeficient mice with CD34+ hema-
topoieticstem and progenitor cells (HSPCs)
from cord blood (CB), bone marrow (BM) or
fetal liver (FL) or (2) the use of peripheral
blood mononuclear cells (PB-MNCs).® While
these approaches have made significant
contributions to the field, they each present
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unique challenges. CD34+HSPCs offer hematopoietic
engraftment potential, but with limited representation
of lymphoid and myeloid cell types and can take longer
than 20 weeks.? '’PB-MNC humanization, although faster,
is associated with high levels of graft-versus-host disease
(GvHD) and associated mortality, and often lacks diverse
lymphoid-myeloid representation.'The inherent limita-
tions of current humanization strategies underscore the
need for novel models that achieve a balance between
rapid and sustained engraftment, minimized GvHD, and
diverse human immune reconstitution. In addition, the
immunodeficient mouse strain used may influence the
efficiency and persistence of the humanized graft. The
most common immunodeficient mouse strains used
in humanization strategies are Rag2-/- mice, severe
combined immunodeficient mice and non-obese diabetic.
Cg-Prkdc scid IL2rg tm1W;jl/Sz] (NSG) mice.

To address these challenges, we aimed to use cord blood
mononuclear cells (CB-MNCs) as an alternative immuno-
logically naive source for humanization in NSG and NSG-
Tg(CMV-IL3,CSF2 KITLG) 1Eav/MloySz] (NSGS) mice
which express human interleukin-3 (IL-3), granulocyte-
macrophage colony-stimulating factor (GM-CSF) and
stem cell factor.'"' The study presents a comprehensive
comparison between humanization using CB-MNCs and
conventional PB-MNCs protocols, focusing on the inci-
dence of GvHD, human engraftment kinetics, and the
reconstitution dynamics of various human immune cell
populations. We evaluated the functionality of the trans-
planted human immune cells both ex vivo and in vivo.
The CB-MNC-humanized NSGS model exhibited rapid,
sustained, and functional myeloid-lymphoid engraft-
ment with a low risk of GvHD. These findings establish
this model as an efficient and reliable platform for a wide
range of applications in cancer immunotherapy studies,
particularly in investigating the complex interactions
between cancer cells, immune cells, and the TME.

MATERIALS AND METHODS

Sourcing and processing of CB-MNCs and PB-MNCs

B-cell acute lymphoblastic leukemia (B-ALL) blasts and
PB- and CB-MNCs were isolated from gender-balanced
individuals by Ficoll-Hypaque gradient centrifugation.'?
B-ALL samples, buffy coats (n=3) and CBs (n=3) were
obtained from the collaborating hospitals and the Catalan
Blood and Tissue Bank, respectively.

Humanization of NSG and NSGS mice and flow cytometry
assessment

Seven-to-ten-week-old NSG and NSGS mice were obtained
from Charles River Laboratories (Wilmington, Massachu-
setts, USA) and The Jackson Laboratory respectively (Bar
Harbor, Maine, USA) and were bred and housed under
pathogen-free conditions. A total of 5x10° PB-MNCs
or CB-MNCs were transplanted intravenously into
sublethally irradiated (2Gy) mice.’ To prevent potential
variabilities due to sex of the mice, a total of 39 mice were

used, comprising 19 females and 20 males. Human cell
engraftment and assessment of immune cell populations
were monitored weekly in PB by flow cytometry. Animals
showing GvHD clinical signs, such as weight and hair
loss, antalgic posture, and decreased activity, were euth-
anized.!® * PB, BM, liver and spleen were harvested for
immunophenotyping. The emergence of GVHD signs was
evaluated as event-free survival (EFS).

HLA-ABC-PE (G46-2.6, BD-Pharmingen) and CD45-
PerCP-Cyb.5 (2D1, BD-Biosciences) antibodies were
used to identify human immune-hematopoietic grafts
(HLA-ABC+CD45+ population) weekly in PB and at
endpoint from BM, liver and spleen. For immunophe-
notyping of immune cell subsets within the human
graft, CD19-APC-H7 (S]J25C1, BD-Pharmingen), CD3-
PECy7 (UCHT1, BD-Pharmingen), CD4-BV421 (RPA-T4,
BD-Horizon), CD8-BV510 (SK1, BD-Horizon), CD7-FITC
(B M-T701, BD-Pharmingen) and CD33-APC (WM53,
BD-Pharmingen) antibodies were used to identify B cells
(CD19+), CD4+ (CD3+CD4+) or CD8+ (CD3+CD8+) T
cells, NK cells (CD?)—CD7+)15_17 and monocytes (CD33+)
by flow cytometry on a FACSCanto-II cytometer running
FACSDiva software (BD-Biosciences). Before the infusion
of mononuclear cells (MNCs), the differentiation status
of T cells was determined using CD3-PECy7, CCR7-PE
(3D12, BD-Pharmingen), CD45RA-BV510 (HI100,
BD-Horizon) and CD95-APC (DX2, BD-Pharmingen)
antibodies. This combination allowed the identification
of naive (N, CCR7+CD45RA+CD95-), stem cell memory
(SCM, CCR7+CD45RA+CD95+), central —memory
(CM, CCR7+CD45RA-), effector memory (EM, CCR7-
CD45RA-) and terminally differentiated EM cells re-ex-
pressing CD45RA (EMRA, CCR7-CD45RA+) T cells."?

Ex vivo functional assessment of the immune cell types in CB-
MNC-humanized NSGS mice

NSGS mice humanized with CB-MNCs were euthanized 8
weeks following transplantation, after achieving a human
graft >20%. Single-cell suspensions were obtained from
PB, BM, liver and spleen and used to assess ex vivo the
functionality of B cells, CD4+and CD8+ T cells, NK cells
and monocytes on cell type-specific activation. A total of
1x10° cells/mL were seeded in a 48-well plate in RPMI-
1640 medium supplemented with 10% fetal bovine serum,
1% penicillin/streptomycin and 1% GlutaMAX (Gibco/
Life Technologies). For assessment of B-cell activation,
the expression of CD86-FITC (2331, BD-Biosciences) and
CD69-BV510 (FNb50, BioLegend) was analyzed on B cells
after stimulation for 3days with 50ng/mL CD40L-HA
tagged (6420-CL, R&DSystems), 1pg/mL anti-HA-Tag
antibody (12CA5, Roche) and 10ng/mL IL-4 (AF-200-04,
PeproTech).'® Activation of human BM CD4+ and CD8+
T cells and NK cells was determined by staining with
CD25-APC-Cy7 (BC96, BioLegend), interferon (IFN)
vPECy7 (4S.B3, BioLegend) and CD107a-PerCP-Cy5.5
(H4A3, BioLegend)' on stimulation with 25ng/mlL
phorbol-12-miristate-13-acetate (PMA) (P1585, Sigma-
Aldric) and 1pg/mL ionomycin (10634, Sigma-Aldrich)
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for 4hours. Human PB monocytes were stimulated with
10ng/mL lipopolysaccharide (LPS) (L2630, Sigma-
Aldrich) for 6hours and activation was assessed by
CD69-BV510 and tumor necrosis factor (TNF)a-PE-Cy7
(MAb11, BioLegend) expression.”” * The GolgiPlug
reagent (555029, BD-Biosciences) was added for intracel-
lular analysis of IFNy and TNFo 30min before stimula-
tion. All experiments were replicated using at least three
CB samples from different donors.

Assessment of tumor engraftment in CB-MNC-humanized
NSGS mice

NSGS mice humanized with CB-MNCs were transplanted
subcutaneously (s.c.) with 1x10°A678 Ewing sarcoma
cells (ATCC). Non-humanized NSGS mice were used as
controls for A673 tumor growth. Human immune cell
levels in mice were assessed using the humanization anti-
body panel described above prior to transplantation.
Murine PB was then monitored weekly by flow cytometry
to follow the CB-MNC-derived immune cell populations.
Subcutaneous tumor volume (mm?®) was quantified as
(lengthxwidth®) /2 using a caliper. Animals were euth-
anized 4 weeks after A673 transplantation and human
immune cell engraftment was assessed in PB, BM, liver,
spleen as well as within the tumor at endpoint. A portion
of the engrafted tumor was harvested for immunofluores-
cence to assess the presence of tumor-infiltrating human
immune cells. To further characterized tumor engraft-
ment in CB-MNC-humanized NSGS mice, an aggressive
B-ALL PDX model was used. CB-MNC-humanized NSGS
mice were transplanted with 1x10° B-ALL cells, and the
B-ALL engraftment was assessed weekly in PB. Three
weeks post-transplantation, the animals were euthanized,
and human immune cell engraftment was evaluated in
PB, BM, liver and spleen. All experiments were replicated
using at least three CB samples from different donors.

HLA-typing of A673 cells, B-ALL PDX cells and CB-MNCs

HILA class I (A, B, C) and class II (DRB1, DQBI1, DPB1)
typing was performed using DNA next-generation
sequencing.”” Online supplemental table S1 shows the
HLA matching loci between the A673 cell line, B-ALL
cells, and CB-MNGCs. Genomic DNA from CB-MNCs and
B-ALL samples was extracted Maxwell RSC Blood DNA
protocol (AS1400, Promega).

Immunofluorescence analysis of immune populations in the
subcutaneous tumor

Tumors were embedded in Tissue-Tek OCT compound
(4538, Sakura) and sectioned at a thickness of 6pm.
The sections were fixed with 4% paraformaldehyde
for 20min, permeated with 0.1% Triton X-100 (T8787,
Sigma-Aldrich) and blocked for 30min with 1% BSA
(A4503, Sigma-Aldrich). Primary antibodies CD99 (NCL-
L-CD99-187, Leica) and CD45 (LCA-L-CE, Leica) were
incubated overnight at 4°C, followed by incubation with
a secondary antibody (A32744, Invitrogen) for 1hour
at room temperature. DAPI (62248, Thermo Fisher) was

added for nuclear staining, and sections were mounted
with Vectashield (H-1000-10, Vector Laboratories).

Statistical analyses

In all humanization experiments, each dot represents
one independent mouse. The remaining data are repre-
sented as the mean+SE of mean. A two-tailed paired t-test
was used to compare the secretion and expression levels
of markers in unstimulated and stimulated cells. Pearson
test was used for correlation analyses. All p values were two
tailed and statistical significance was defined as *p<0.05,
*##p<0.01, ***p<0.001, ****¥p<0.0001. All analyses were
performed with Prism software V.8.0 (GraphPad Prism).

RESULTS

Limited GvHD and sustained myeloid—lymphoid representation
in NSGS mice transplanted with GB-MNCs

Humanization of immunodeficient mice with PB-MNCs
often leads to high rates of GVHD, increased mortality,
and an imbalance in human immune cell representa-
tion. However, the humanization of these mice with more
immunologically naive CB-MNCs has not been thoroughly
characterized. Here, we prospectively compare the inci-
dence of GVvHD, total human engraftment, and the repre-
sentation of human immune cell subsets in NSG and
NSGS mice humanized with either PB-MNCs or CB-MNCs
from three different donors over 13 weeks (Figure 1A,B).
Prior to humanization, the immune cell composition
of PB-MNCs and CB-MNCs was analyzed, revealing only
slight differences in the monocyte and B cell populations
between both MNCs sources (Figure 1C).

Both NSG and NSGS mice humanized with PB-MNCs
exhibited signs of GvHD as early as 2 weeks post-
transplantation, and by 8 weeks, over 70% of the mice
displayed severe disease symptoms (Figure 1D). Immune
engraftment analysis revealed that approximately 80%
of the mice achieved >20% engraftment at 2 weeks
(Figure 1E). However, this engraftment lacked balanced
representation of myeloid-lymphoid immune cell subsets,
being dominated by CD4+ and CD8+ T cells (Figure 1F),
which likely contributed to the early onset of GvHD.
Conversely, transplantation with CB-MNCs resulted
in very low levels of GVHD at 8 weeks, with 80% EFS
observed across both mouse strains (Figure 1G). Human
engraftment kinetics were slower in mice humanized
with CB-MNCs compared with those with PB-MNGCs, but
engraftment levels were significantly higher in NSGS mice
than in NSG mice. In NSGS mice, human engraftment
reached and maintained levels of 18%-30% between
weeks 7 and 13 (Figure 1H). Notably, analysis of immune
cell subsets revealed a balanced myeloid-lymphoid recon-
stitution in mice humanized with CB-MNGCs, consisting of
B cells, CD4+ and CD8+ T cells, NK cells and monocytes
from week 7 (Figure 1I). In NSGS mice, engraftment of
human NK cells and monocytes was higher than in NSG,
and sustained until the endpoint (Figure 1I). To further
assess the robustness of humanization with CB-MNCs,
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Figure 1 NSGS mice humanized with CB-MNCs show a rapid and sustained myeloid-lymphoid representation and low
GvHD rates. (A) Schematic representation of the experimental design used to evaluate different humanization models. (B)

Flow cytometry gating strategy employed to identify human immune cell subsets in mouse hematopoietic tissues. (C) PB and
CB immune cell populations before MNC infusion in NSG and NSGS mice. (D) Kaplan-Meier event-free survival (EFS) curve
over 10 weeks for NSG (n=9) and NSGS (n=9) mice transplanted with PB-MNCs. (E) Percentage of human immune cell (HLA-
ABC+hCD45+) engraftment in the PB of NSG (n=9) and NSGS (n=9) mice transplanted with PB-MNCs monitored over a 9-week
period. (F) Proportion of different human immune cell subsets within the HLA+hCD45+ human graft in the PB of NSG (n=9)

and NSGS (n=9) mice transplanted with PB-MNCs. (G) Kaplan-Meier EFS over 14 weeks for NSG (n=9) and NSGS (n=12) mice
transplanted with CB-MNCs. (H) Percentage of HLA-ABC+hCD45+ engraftment in the PB of NSG (n=9) and NSGS (n=9) mice
transplanted with CB-MNCs monitored over a 13-week period. (I) Proportion of different human immune cell subsets within the
HLA+hCD45+ human graft in the PB of NSG (n=9) and NSGS (n=12) mice transplanted with CB-MNCs. (J) Total engraftment of
HLA-ABC+hCD45+ inBM, liver and spleen of NSG (n=3) and NSGS (n=3) mice transplanted with CB-MNCs. (K) Proportion of
different human immune cell subsets within the HLA-ABC+hCD45+ population in BM, liver and spleen at the endpoint in NSG
(n=3) and NSGS (n=3) mice transplanted with CB-MNCs. (L) Flow cytometry gating strategy used to study the T cell phenotype
before PB-MNC or CB-MNC transplantation. (M) PB (n=3) and CB (n=3) T cell phenotype before transplantation. Combined
results from NSGS mice humanized with PB or CB samples from three different donors are shown. Each dot represents an
independent mouse. CB-MNCs, cord blood mononuclear cells; CM, central memory; EM, effector memory; EMRA, terminally
differentiated effector memory cells re-expressing CD45RA; GvHD, graft-versus-host disease; N, naive; PB-MNCs, peripheral
blood mononuclear cells; SCM, stem cell memory.
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we analyzed other hematopoietic organs including BM,
liver and spleen. We confirmed superior engraftment in
all these tissues in NSGS mice (Figure 1J), with a similar
representation of the different immune cell subsets across
both mouse strains (Figure 1K).

To understand why mice humanized with CB-MNCs take
longer to engraft and exhibit less GVHD in both mouse
strains, we analyzed the T-cell phenotype in PB-MNCs
and CB-MNCs before infusion. The results showed that,
unlike PB-derived T cells, CB-derived T cells mostly
exhibited a naive phenotype(CCR7+CD45RA+CD95—;
66.95%+8.25% vs 13.77%+7.23%, p<0.05). This naive
phenotype is less capable of recognizing mouse struc-
tures, thereby leading to a reduced incidence of GvHD
(Figure 1L,M).

Human immune cells in NSGS mice humanized with CB-MNCs
are functional ex vivo

Next, we aimed to determine whether the different
myeloid and lymphoid CB-MNC subsets expanded in
NSGS mice were functional. To test this, CB-MNCs were
transplanted into NSGS mice, and at week 7—when >20%
total PB engraftment was observed, and all immune cell
types were represented across organs—the mice were
euthanized. Immune cells were then harvested and
exposed to specific stimuli ex vivo (Figure 2A—C). Spleen-
derived cells were stimulated with CD40L and IL-4 to
promote B-cell activation. After 3 days, CD69 and CD80
expression was significantly higher in stimulated B cells
compared with unstimulated cells (Figure 2D). BM-de-
rived cells were stimulated with PMA and ionomycin for
4hours to activate CD4+ and CD8+ T cells, as well as NK
cells. Analysis of IFNy secretion revealed significantly
higher levels in all three cell types following stimulation
(Figure 2E-G). Additionally, CD25 was overexpressed in
both CD4+ and CD8+ T cells after PMA/ionomycin stim-
ulation (Figure 2E,F). To further assess the functionality
of CD8+T cells and NK cells, we evaluated degranulation
levels and observed significantly higher CD107a expres-
sion in stimulated CD8+T cells and NK cells compared
with unstimulated cells (Figure 2F,G). Finally, PB cells
were LPS-stimulated to induce monocyte activation,
resulting in a significant increase in TNFo secretion and
CD69 expression after 6hours (Figure 2H), confirming
their functionality.

Human immune cells in CB-MNC-humanized NSGS mice
infiltrate xenotransplanted solid tumors and correlate with
lower tumor growth

We then assessed the feasibility of solid tumor engraft-
ment by s.c. injecting A673 Ewing sarcoma cells into
NSGS mice that had been humanized 6 weeks prior with
variable HLA haplotype CB-MNCs from three different
donors (online supplemental table S1). Non-humanized
NSGS mice served as controls for A673 tumor growth.
Tumor growth and humanization status were moni-
tored weekly, and mice were euthanized 4weeks post-
transplantation. Hematopoietic organs and tumors were

then harvested for immune cell population analysis
(Figure 3A). After 4 weeks, overall survival was signifi-
cantly higher in humanized mice compared with non-
humanized controls (Figure 3B). However, despite the
presence of human immune cells, ~90% of the human-
ized mice developed tumors after 4 weeks, with vari-
able growth kinetics and tumor weights (Figure 3C,D),
regardless of the HLA haplotype of the CB-MNC sample.
Human immune cell infiltration was examined in PB,
BM, liver, spleen, and within the s.c. engrafted tumors.
The analysis revealed higher immune cell infiltration
in all hematopoietic organs compared with the tumors,
where the immune infiltrate ranged from 0.5% to 2%
(Figure 3EF). The distribution of immune cells in the
A673 Ewing sarcoma tumors largely differed from that
in hematopoietic organs, with monocytes being the most
prominently represented cell type. T cells were notably
sparse within the tumors (Figure 3G).

A673 tumor growth and human immune infiltrate
varied among mice, suggesting an association between
the presence of human immune cells and tumor growth.
To explore this, we correlated immune cell populations
in PB at the endpoint with Ewing sarcoma tumor volume.
Our analysis revealed that higher human immune infil-
tration was significantly associated with reduced Ewing
sarcoma volume particularly due to the presence of B
cells, NK cells, and T cells (Figure 3H-L). Additionally, we
studied the behavior of a B-ALL PDX with an aggressive
systemic engraftment in this humanized model (online
supplemental figure SIA-C). Consistent with the Ewing
sarcoma model, we found that leukemia engraftment
at the endpoint of the study was also significantly lower
in humanized mice (online supplemental figure SID).
Infiltration of human NK cells and T cells also showed a
significant correlation with reduced leukemia multiorgan
engraftment in PB, BM, liver, and spleen (online supple-
mental figure S1E).

DISCUSSION

Current murine humanization models using PB-MNCs or
CD34+HSPCs derived from CB, BM or FL have significant
limitations.” *#* A drawback of PB-MNC humanization is
the high risk of GYHD and an incomplete representation of
the immune system in the mice. By contrast, CD34+HSPC
humanization is temporally limited, as mice require 20-24
weeks to achieve humanization.” In this study, we showed
a balanced and sustained reconstruction of the immune
system, including B cells, CD4+and CD8+ T cells, NK
cells, and monocytes, starting from week 7 in NSGS mice
infused with CB-MNCs. These populations, particularly
B cells, NK cells and monocytes, were minimally found
in the PB-MNC model. Furthermore, we found a higher
number of immature/naive T cells in CB-MNCs than in
PB-MNGCs, which would explain the low levels of GvHD
found in this model. Collectively, CB-MNCs demonstrate
advantages over PB-MNCs in terms of reduced GvHD and
sustained, balanced representation of myeloid-lymphoid
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Figure 2 Expansion of functional human immune cell populations in NSGS Mice Humanized with CB-MNCs. (A) Schematic
overview of the experimental design employed to assess the ex vivo functionality of human immune cells isolated from
humanized NSGS mice. Representative flow cytometry plots are shown, depicting the activation status of human immune
cell populations. (B, C) Engraftment of total HLA-ABC+hCD45+ (B) and the proportion of immune populations within the
HLA+hCD45+ human graft (C) before ex vivo stimulation (week 7) in PB, BM, liver, and spleen from NSGS mice transplanted
with CB-MNCs. (D) Expression of CD69 and CD80 activation markers in B cells ex vivo-stimulated with CD40L and IL-4. (E)
Frequency of IFNy- and CD25-expressing CD4+T cells after ex vivo stimulation with PMA and ionomycin. (F) Frequency of IFNy,
CD25, and CD107a-expressing CD8+T cells after ex vivo stimulation with PMA and ionomycin. (G) Expression of IFNy and
CD107a in NK cells after ex vivo stimulation with PMA and ionomycin. (H) Proportion of TNFo+ and CD69+ monocytes after
ex vivo stimulation with LPS. Three independent donors were used. Each dot represents data from an independent mouse.
*p<0.05, **p<0.01, paired t-test. BM, bone marrow CB-MNCs, cord blood mononuclear cells; LPS, lipopolysaccharide; PB,
peripheral blood; PMA, phorbol-12-miristate-13-acetate.

immune cell subsets in primary and secondary hemato-
poietic organs, especially in NSGS mice.

The functionality of the engrafted CB-derived human
immune cells, including increased activation markers,
cytokine secretion, and T and NK cell degranulation,
was validated ex vivo. The in vivo functional implication
of this model was assessed using an Ewing sarcoma xeno-
graft model in NSGS mice that had been humanized

with CB-MNCs from different donors CB-MNCs. Despite
having a competent humanized immune system, solid
tumors developed in most mice. However, the pres-
ence of human immune cells lowered tumor growth,
further demonstrating the potential of this system in
cancer. Similar data were also observed on inoculation
of an aggressive B-ALL PDX in NSGS mice that had
been humanized with CB-MNGs. Interestingly, immune
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Figure 3 Human immune cell populations infiltrate subcutaneously engrafted tumors and delay tumor growth in NSGS mice
humanized with CB-MNCs. (A) Schematic representation of the experimental design used to assess the tumor immunity of
human immune cells against ES in vivo. (B) Kaplan-Meier overall survival (OS) curve for CB-MNCs humanized (n=20) and
non-humanized (n=4) NSGS mice subcutaneously transplanted with A673 cells. (C) Weekly monitoring of tumor volume (mm?)
after A673 transplantation. (D) Tumor weight (g) of independent mice at endpoint. (E) Total HLA-ABC+hCD45+ engraftment

at endpoint in PB, BM, liver, spleen and subcutaneously engrafted tumors (tumor infiltration) from NSGS mice transplanted
with CB-MNCs. (F) Representative immunofluorescence image of CD99+tumor cells (red) and tumor-infiltrating human
CD45+immune cells (green). (G) Proportion of immune populations within the HLA+hCD45+ human graft identified at endpoint
in PB, BM, liver, spleen and in subcutaneously engrafted tumors (tumor infiltration) from NSGS mice transplanted with CB-
MNCs. (H-L) Correlation of tumor volume (mm?® with HLA-ABC+hCD45+ (H), Monocytes (1), B cells (J), NK cells (K) and T cells
(L) in mouse PB at endpoint. Three independent donors were used. Each dot represents an independent mouse. *p<0.05,

**p<0.01, **p<0.001, ***p<0.0001, Pearson correlation test. BM, bone marrow; CB-MNCs, cord blood mononuclear cells; PB,
peripheral blood.

cell infiltration with a low representation of T cells was  other tumors.** ® This in vivo functionality and tumor
observed on the solid tumor site, mimicking the archi-  infiltrating capacity of CB-MNCs prompts its application
tecture of a cold-TME present in Ewing sarcoma and  to study the in vivo interaction between immune cells,
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cancer cells and the TME and may serve as a platform for
assessing cancer immunotherapies.

Despite the advantages of using CB-MNCs for humaniza-
tion, there are notable limitations to our model. First, the
use of CB-MNCs, which are not patient-specific, can affect
the model’s ability to fully replicate human tumor biology
and immune responses. This allogeneic system may not
accurately mimic individual patient conditions. Addition-
ally, controlling immune engraftment levels in individual
mice presents a challenge, leading to some degree of
intermouse variability which may eventually impact the
consistency of results. Finally, our study is restricted to
used two tumor models, sarcoma and leukemia. While
the model shows promise for studying immunotherapies
and tumor-iimmune system interactions further research
should expand to include a broader range of epithelial
cancer types.

Collectively, NSGS mice humanized with CB-MNCs
serve as an efficient and reliable platform for studying the
infiltration and interaction of functional human myeloid-
lymphoid cells in xenografted human tumors. This model
opens new avenues for assessing novel immunotherapies.
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