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NOD/Scid IL2Ry™!" Mice Reconstituted with
PBMCs from Patients with Atopic Dermatitis or
Psoriasis Vulgaris Reflect the Respective
Phenotype

Marietta Schindler', Paula Schuster-Winkelmann', Veronika WeR', Sophia Czell”, Franziska Rueff’,
Andreas Wollenberg””, Matthias Siebeck' and Roswitha Gropp'

NSG (NOD/Scid 1.2Ry™") mice reconstituted with PBMCs donated by patients with ulcerative colitis or Crohn’s
disease highly reflect the respective pathological phenotype. To determine whether these findings could be
applicable to atopic dermatitis (AD) and psoriasis vulgaris (PV), PBMCs isolated from patients with AD and PV
were first subjected to immunological profiling. Subsequently, NSG mice were reconstituted with these
PBMCs. Hierarchical clustering and network analysis revealed a distinct profile of patients with AD and PV with
activated CD4+ T cells (CD69, CD25) occupying a central position in the AD network and CD4+ CD134+ cells
acting as the main hub in the PV network. After dermal application of DMSO, both NSG mice reconstituted with
PBMCs from donors with AD (ie, NSG-AD mice) and NSG mice reconstituted with PBMCs from donors with PV
(ie, NSG-PV mice) exhibited increased clinical, skin, and histological scores. Immunohistochemical analysis,
frequencies of splenic human leukocytes, and cytokine expression levels indicated that CD4+4 CD69+ cells, M1
and TSLP receptor—expressing monocytes, switched B cells, and monocyte chemoattractant protein 3 were the
driving factors of inflammation in NSG-AD mice. In contrast, inflammation in NSG-PV mice was characterized
by an increase in fibroblasts in the epidermis, frequencies of CD1a-expressing monocytes, and IL-17 levels.
Therefore, the pathological phenotypes of NSG-AD mice and NSG-PV mice differ and partially reflect the

respective human diseases.
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INTRODUCTION

Narrowing the gap between manifestations of human diseases
in patients and animal models remains a major challenge in the
development and validation of novel therapeutics. This chal-
lenge is particularly significant in chronic inflammatory dis-
eases, where the disease manifestations vary greatly in terms of
disease onset, severity, duration of relapse and remission
phases, and response to therapies. Conventional animal
models for atopic dermatitis (AD) and psoriasis vulgaris (PV)
typically involve the topical application of oxazolone or cal-
cipotriol for AD (Liu et al, 2016; Tsukumo et al, 2010) and
imiquimod for PV (Moos et al, 2019). Although these models
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have contributed to preclinical development, they have
limited value in characterizing subtle differences that shape the
immune response. Furthermore, preclinical studies are con-
strained to therapeutics that target both mouse and human
molecular targets.

An alternative approach involves using immune-compromised
mice (ie, NSG [NOD/Scid IL2Ry”””] mice) reconstituted with
PBMCs from patients with the respective disease. This approach
allows for the study of immunological specificities and the vali-
dation of therapeutics targeting human molecular targets. Previ-
ous studies have demonstrated that NSG mice reconstituted with
PBMCs from patients with ulcerative colitis or Crohn’s disease
reflect the pathophysiology of ulcerative colitis and Crohn’s dis-
ease, respectively (Unterweger et al, 2021b). These mice also
partially capture the dynamics of inflammation observed in
humans (Jodeleit et al, 2020) and have been instrumental in
preclinical studies validating novel or approved therapeutics (Al-
Amodi et al, 2018; Jodeleit et al, 2020, 2018; Unterweger et al,
2021a).

AD and PV are chronic inflammatory diseases that pri-
marily affect the skin but exhibit distinct pathological mani-
festations underlying immunological processes (Guttman-
Yassky and Krueger, 2017). AD results from a combination
of skin barrier defects and an imbalanced immune system,
leading to dry, itchy, and inflamed skin (Wollenberg et al,
2020). Dysfunction of the skin barrier can initiate the dis-
ease by allowing the penetration of allergens and microbes,
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triggering an immune response. However, dysregulated im-
mune cells interacting with keratinocytes may also contribute
to barrier defects, perpetuating inflammation. Initially, T
helper (Th) 2—driven processes were considered the main
drivers in AD, as evidenced by the therapeutic success of
dupilumab (Simpson et al, 2016). However, activation of
Th17 or Th1 pathways is also observed in many patients
(Brunner et al, 2017; Noda et al, 2015; Suarez-Farinas et al,
2013).

In contrast, psoriasis is clinically characterized by raised
red scaly plaques caused by hyperproliferative keratinocytes,
which are constantly exposed to infiltrating immune cells. It
has been suggested that the influx of these cells is due to an
autoimmune response in the skin (Arakawa et al, 2015;
Lande et al, 2015, 2014). The IL-23/Th17 axis appears to be
the main driver in these processes (Brembilla et al, 2018;
Girolomoni et al, 2017). This observation has been supported
by the successful treatment of patients with PV with anti—IL-
17 mAbs such as secukinumab, bimekizumab, or ixelkizu-
mab (Gordon et al, 2021, 2016; Krueger et al, 2019) as well
as brodalumab, which inhibits the IL-17 receptor (McMichael
et al, 2019).

In this study, we first examined the inflammatory profiles of
patients with AD and PV and analyzed the respective
immunological networks. The data indicate that both profiles
were distinctly different. Secondly, we analyzed the patho-
logical and phenotypic manifestation in NSG mice recon-
stituted with PBMCs from donors with AD or PV (ie, NSG-AD
or NSG-PV, respectively). Our analyses suggest that the
immunological background of the donor shapes the disease
manifestations in NSG-AD and NSG-PV mice. Furthermore,
the inflammatory profiles of NSG mice predominantly clus-
tered according to the respective disease of the donors. These
results suggest that the NSG-AD and NSG-PV models are
well-suited for elucidating the immunological processes in
AD and PV and for validating novel therapeutics.

RESULTS

Comparison of immunological profiles of patients with AD
and PV

The comparison of immunological profiles in patients with
AD and PV followed a 2-pronged approach. First, we deter-
mined the immunological profile of patients, and second, the
same PBMCs were used to reconstitute the NSG mice
(Figure Ta). The immunological profiles of patients with AD
(n =23) and patients with PV (n = 13) were analyzed through
hierarchical clustering analysis using the described panel
(Table 1 presents the basic patient demographics, Table 2
presents the definition of cell types, and Table 3 shows the
dataset of flow cytometry analysis of the patients).

The heat map (Figure 1b) indicates that patients with AD
and PV generally segregate into different groups on the basis
of the peripheral blood inflammatory profiles and revealed 3
main groups. Group | exhibited significantly elevated fre-
quencies of CD4+ and CD8+ central memory T cells,
macrophages, and activated macrophages. Notably, the most
prominent difference was observed in the analysis of mono-
cytes, where most patients with PV (12 of 14) clustered in this
group compared with only 3 of 22 patients with AD. Group Il
differed significantly from the other 2 groups owing to
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elevated frequencies of activated CD4+ cells, Th17/Th1
cells, regulatory T cells, and CD1a-expressing monocytes
and macrophages. This group mainly consisted of patients
with AD (13 of 22) and 1 patient with PV. In group IlI,
significantly elevated frequencies of Th1 and switched B cells
were observed, along with reduced levels of naive CD4+ and
dendritic cells. This group included 6 of 22 patients with AD
and 1 patient with PV, indicating a subgroup of patients with
AD driven by a Th1 response. To confirm the significance of
the clustering, the data were visualized using a mosaic plot
and analyzed through Pearson residual contingency testing
(Figure 2). The results indicate that the clustering of patients
with PV in group | is significant and that inflammation in PV
and AD is driven by different cell types.

To further understand the immunological equilibria in AD
and PV, a network analysis based on significant correlations
of cell surface marker expression was conducted. The lines
between individual dots in the network represent correla-
tions, whereas the distance illustrates the strength of the
correlation. In the network of AD (Figure 1¢), dots were more
widely distributed than the PV network. Several hubs were
identified, centered on Th1/Th17 and Th17 cells, activated
CD4+ CD69+ cells, regulatory T cells, and CD14+ TSLP
receptor—positive monocytes. In contrast, the PV network
appeared denser, with 1 main hub centered on activated
CD11b+ CD252+ macrophages. In both networks, activated
CD14+4 CCR2+ monocytes correlated with Th1/Th17 and
Th17 cells.

Comparison of the NSG-AD with NSG-PV mouse models

On the basis of previous studies that showed partial preser-
vation of the immunological phenotype of the donor in the
NSG mouse model (Jodeleit et al, 2020; Unterweger et al,
2021b), we anticipated the development of distinct pheno-
types in mice reconstituted with PBMCs from patients with
AD compared with those from mice reconstituted with
PBMCs from patients with PV. NSG mice were reconstituted
with PBMCs from donors with AD (NSG-AD) or PV (NSG-
PV). The selected immune profiles of 5 donors with AD and
PV for the animal studies are highlighted in Figure 1b.
Considering previous findings with the NSG-ulcerative colitis
and NSG-Crohn’s disease model, where mild toxins such as
ethanol were sufficient to induce disease symptoms, we uti-
lized DMSO assuming that its skin penetration and exposure
to skin pathogens might likewise induce similar symptoms.
NSG mice reconstituted with PBMCs from a healthy donor
served as control.

On the eighth day after reconstitution, the mice were
depilated and divided into 2 groups: one group remained
unsensitized (control group), whereas the other was sensi-
tized through topical application of DMSO (DMSO group).
Table 4 presents the group composition details.

As expected, mice in the AD and PV DMSO groups
exhibited symptoms on the skin, such as redness or bloody
spots. In contrast, the skin of NSG-H mice exhibited almost
no signs of irritation. These symptoms were categorized as
part of a clinical inflammatory skin disease score, as
described in the Materials and Methods (Figure 3a). The
clinical inflammatory skin disease score showed a significant
difference when comparing the AD and PV control groups
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Figure 1. The combination of animal studies in the NSG-AD and NSG-PV models has the potential to enhance our understanding of the underlying
immunological processes. (a) A schematic depiction of the experimental approach is presented. PBMCs were isolated from patients with AD or PV, subjected to
immunological profiling, and then used for the reconstitution of NSG mice. (b) The analysis of patients with AD and PV was performed by hierarchical clustering.
Frequencies of immune cells were determined through flow cytometric analysis of freshly isolated PBMCs from patients with AD (n = 23) and PV (n = 13).

The profiles of 5 PBMCs from patients that were utilized for reconstitution in the animal model are highlighted in red. (c) Network analysis was conducted to explore
significant correlations among surface markers of immune cells. AD, atopic dermatitis; PV, psoriasis vulgaris; Th, T helper; Treg, regulatory T cell.
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Table 1. Basic Patient Demographics

Attributes AD (N = 23) PV (N = 13)

Age (y)

Mean (SD) 23,857 (2,035) 28,25 (12,5)
Range 6 25

Sex (% male) 43% 25%

Duration of

AD/PV (y)

Mean (SD) 19,1429 (5,113) 4,75 (2,5)
Range 15 5

SCORAD/

PASI

Mean (SD) 14,323 (3,494) 7,925 (3,221)
Range 9,320 7,3

Treatment Glucocorticoid topic (3), omalizumab (2), Mometasone (1),

fexofenadine (2), salbutamol (2) calcipotriol (1)

Abbreviations: AD, atopic dermatitis; PASI, Psoriasis Area and Severity
Index; PV, psoriasis vulgaris; SCORAD, SCORing index of Atopic
Dermatitis.

with the respective DMSO-challenged groups (AD control vs
AD DMSO: P = .02, PV control vs PV DMSO: P = .009;
ANOVA). However, there was no significant difference
observed between the AD DMSO and PV DMSO groups and
between the healthy control and healthy DMSO groups.

At the time of necropsy, photographs of the skin were taken
(Figure 3b), and skin symptoms were scored as described in
the Materials and Methods (Figure 3a). Consistent with the
clinical score, there were differences in the skin scores be-
tween the respective control and DMSO-challenged groups
(AD control vs AD DMSO: P = .01; PV control vs PV DMSO:
P < .001, Wilcoxon rank sum test with continuity correction)
with the exception of the healthy control). However, there
was no significant difference in scores between the AD
DMSO and PV DMSO groups.

Histological sections of the skin were stained with H&E,
and alterations in skin architecture were classified using a
histological inflammatory skin disease score, as outlined in
Materials and Methods (Figure 3c).

Both models showed an influx of inflammatory cells into
the skin and thickening of the skin.

In the NSG-AD and NSG-PV models, the sensitized groups
had noticeably higher scores than the respective control
groups (AD control vs AD DMSO: P = not significant; PV
control vs PV DMSO: P = not significant, ANOVA), whereas
the difference between healthy control and healthy DMSO
was not significant.

To characterize the human immune cells in the dermis,
immunohistochemical analysis was conducted using anti-
human CD4, CD8, CD19, and CD14 and anti-mouse
vimentin antibodies. In NSG-AD mice, the challenge with
DMSO seemed to have led to a more pronounced influx of
CD4+ and CD8+ T cells, CD144 monocytes, and CD19+ B
cells than challenged NSG-PV mice (Figure 4). In contrast,
NSG-PV mice seemed to exhibit more detectable positive
vimentin, indicating increased fibrosis in this model.

Leukocytes isolated from the spleen of mice were subjected
to flow cytometry analysis (Figure 5). Levels of naive CD4+
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were significantly elevated in sensitized NSG-AD versus NSG-
PV mice (P= .01, ANOVA) and in the NSG-AD and NSG-PV
models; higher levels of naive CD4+ T cells were observed
upon sensitization with DMSO (AD control vs AD DMSO: P=
.02; PV control vs PV DMSO: P = not significant, ANOVA).
Levels of central memory CD4+ T cells did not change in
response to DMSO in the NSG-AD and NSG-PV models;
however, levels increased in the NSG-H model, albeit without
significance. Interestingly, NSG-AD mice exhibited signifi-
cantly higher levels of central memory CD4+ T cells than the
respective groups of NSG-PV and NSG-H mice (AD control vs
PV control: P = .004; AD DMSO vs PV DMSO: P = .007,
healthy control vs AD control: P=.03, ANOVA).

Levels of CD4+CD69+ activated T cells did not change
upon sensitization with DMSO; however, levels were higher
in NSG-AD mice than in NSG-PV mice. The difference be-
tween the control groups (P = .03, ANOVA) was significant.
Levels of activated CD4+ T cells characterized by CD252
expression responded to sensitization with DMSO signifi-
cantly in NSG-PV mice (PV control vs PV DMSO: P = .001,
ANOVA). In addition, a significant difference was observed
between AD DMSO and PV DMSO (P < .001) and between
PV DMSO and healthy DMSO (P < .001) and H DMSO and
AD DMSO (P = .006, ANOVA).

Similarly, CD144 CD1a+ monocytes responded to the chal-
lenge with DMSO in NSG-PV mice (PV control vs PV DMSO: P <
.001, ANOVA). The difference between the AD DMSO and PV
DMSO groups (P = not significant) and between PV DMSO and
healthy DMSO was also significant (P = .005, ANOVA).

In none of the models, sensitization affected the levels of
M1 monocytes (CD14+4 CD64+). However, a striking dif-
ference was observed between the NSG-AD and NSG-PV
and NSG-H models regardless of the challenge. The NSG-
AD mice exhibited elevated levels of M1 monocytes
compared with those of the other models (AD control vs PV
control: P < .001; AD DMSO vs PV DMSO: P = not signif-
icant, healthy control vs PV control: P=.001, healthy DMSO
vs PV DMSO: P < .001, ANOVA). Frequencies of CD14-+
TSLP receptor—positive expressing monocytes responded to
DMSO sensitization in NSG-AD mice, and a significant dif-
ference was observed between the respective control groups
(AD control vs AD DMSO: P = .005; AD control vs PV
control: P = .004; AD DMSO vs PV DMSO: P = .09, Wil-
coxon rank sum test with continuity correction). Table 5
presents the dataset of flow cytometry analysis of mice.

To assess the extent to which the immunological profile
could be associated with the diagnosis of the respective do-
nors in the NSG mice, a hierarchical cluster analysis was
conducted using the frequencies of human leucocytes iso-
lated from mouse spleens. As depicted in Figure 6, 18 of 22
NSG-AD mice clustered in group |, whereas 17 of 24 NSG-
PV mice clustered in group Il. In addition, mice from the
respective studies clustered closely together, indicating that
the specific immunological background was partially pre-
served. The mosaic plot confirmed the statistical analysis
(Figure 7). To further support this observation, another cluster
analysis was performed using pvclust (Figure 8).

Furthermore, all 4 AD donors selected for reconstitution,
whose immunological profiles were examined and found to
cluster in the AD group, gave rise to NSG-AD that also
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Table 2. Cellular Markers Used to Define Immune Cells

Marker Definition Abbreviation
CD19+ CD27+ Antigen experienced B cell 1927
CD19+ CD27+ IgD+ Unswitched memory B cell IgDp
CD19+ CD27+ IgD— Switched memory B cell IgDn
CD19+ CD38+ Plasma cell 1938
CD19+ CD252+ Activated B cell 19_252
CD19+ CD38+ CD252+ Activated plasma cell 19_38_252

CD4+ CD45RA+ CD62L— CCR7— Naive CD4+ T-cell 4_n

CD4+ CD45RA+ CD62L+ CCR7+ Effector CD4+ T — cell 4_EC
CD4+ CD45RO+ CD62L— CCR7— Effector memory CD4+ T cell 4_EM
CD4+ CD45RO+ CD62L+, CCR7+ Central memory CD4+ T cell 4_CM
CD4+ CD103+ Mucosal regulatory CD4+ T cell 4103
CD4+ CCR4+ CCR4 expressing CD4+ T cell 4_CCR4
CD4+4- CD25+ CD127— Regulatory T cell Treg
CD8+ CD45RA+ CD62L— CCR7— Effector CD8+ T cell 8_EC
CD8+ CD45RA+ CD62L+ CCR7+ Naive CD8+ T cell 8_n
CD8+ CD45RO+ CD62L— CCR7— Effector memory CD8+ T cells 8_EM
CD8+ CD45RO+ CD62L+ CCR7+ Central memory CD8+ T cells 8_CM
CD4+ CCR4- CXCR3+ CCR6— Thi Th1
CD4+ CCR4- CCCR3+ CCR6+ Th1/Th17 Th1_Th17
CD4+ CCR4+ CCR6— Th2 Th2
CD4+ CCR4+ CCR6+ Th17 Th17
CD4+ CCR4+ CCR6+ CXCR3— CCR10+ Th22 Th22
CD4+ CD134+ Activated CD4+ T cell 4_134
CD4+ CD69+ Activated CD4+ T cell 4_69
CD4+ CD25+ Activated CD4+ T cell 425
CD14+ TSLPR'+ MC, expressing TSLPR 14_TSLPR
CD14+ CD64+ M1 MC, FcyR1 expressing M1
CD14+ CD163+ CD206+ M2 MC, scavenging cells M2
CD14+ CD1a MC CD1a expressing 14_1a
CD14+ CCR2+ MC activated 14_CCR2
CD14+ CD80+ MC activated 14_80
CD144 CD252+ MC activated 14252
CD14+ CD163+ MC expressing scavenger receptor 14163
CD14+ CD206+ MC expressing mannose receptor 14_206
CD11b+ Macrophage 11b
CD11b+ CD80/86+ Macrophage activated 11b_80
CD11b+ TSLPR'+ macrophage TSLPR expressing 11b_TSLPR
CD11b+ CD1a+ Macrophage CD1a expressing 11b_1a
CD11b+ CD252+ Activated macrophage 11b_252
CD11c Dendritic cell 11c

Abbreviations: MC, monocyte; Th, T helper; TSLPR, TSLP receptor.

clustered in the AD group. However, there was one excep-
tion: the PV donor, whose immunological profile clustered
with other PV donors, resulted in NSG-PV mice that clustered
with other NSG-AD mice (Figure 1b).

To investigate whether the differences between the 2
models were also reflected in the expression of cytokines,
proteins were extracted from the skin and analyzed by
Luminex analysis (Figure 9). No significant difference was
observed in all examined cytokines between the respective
control and DMSO-sensitized groups, and human [L-12
appeared to play a role in mediating inflammation, but
levels were not significantly different among the groups.
However, a significant difference was detected when levels of
human IL-4 and human IL-17 were examined. Human IL-4
levels were significantly higher in the PV DMSO group

than in the AD DMSO group (AD DMSO vs PV DMSO: P =
.002, Wilcoxon rank sum test with continuity correction). On
the other hand, human IL17A levels were higher in the PV
control and the PV DMSO groups than in the AD control and
AD DMSO groups (AD control vs PV control: P = .003; AD
DMSO vs PV DMSO: P < .001, ANOVA). Monocyte che-
moattractant protein (MCP3), previously identified as an in-
flammatory marker in the NSG-ulcerative colitis mouse
model (Unterweger et al, 2021b), was significantly induced
in the NSG-PV mouse model upon sensitization with DMSO
(PV control vs PV DMSO: P = .02, ANOVA). Although levels
of MCP3 were higher in the AD DMSO group, the difference
was not significant. In all analyses, NSG-H mice exhibited
low levels of cytokines, corroborating the analysis of the
scores.
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Table 3. FACS Data Human PBMC

14_ 14_ 14_ 14_ 14_ 14_ 14_ 11b_ 11b_ 11b_ 4_ 4_ 8_ 4_ 4_ 11b_ 19_ 19 4_ Th17_
Disease CCR2 M1 206 163 M2 1a 80 TSLPR 252 11b 1a 80 TSLPR 11c 4 EC 4 n CM EM 8n 8EC CM 8 EM 425 469 103 134 Treg 252 27 IgDp IgDn 38 CCR4 Th2 Th17 Th22 Thi Thi
AD 52.20 74.20 4.48 61.30 7.02 68.90 55.70 0.31 73.10 1.09 81.90 8.98 0.70 11.70 74.40 3.16 2.11 72.30 0.00 61.50 0.00 92.30 12.90 1.22 1.95 49.00 49.00 73.40 21.20 6.07 93.30 28.70 7.80 41.30 22.10 10.50 23.30 57.10
AD 100.00 97.50 0.00 25.00 0.00 47.70 92.00 0.26 99.60 0.00 0.00 0.00 0.00 9.60 16.50 35.90 0.00 0.00 0.00 0.00 9.69 30.40 99.90 17.90 0.69 99.70 8.82 0.00 25.80 78.60 18.70 42.30 10.90 0.11 99.70 32.00 1.06 98.40
AD 100.00 94.30 0.00 37.70 3.77 14.60 96.50 0.13 99.80 0.00 0.00 0.00 0.00 4.08 0.00 25.00 0.00 0.00 0.00 0.00 13.60 15.40 100.00 13.50 0.27 99.90 9.46 0.00 24.80 62.60 34.40 39.50 37.00 2.00 96.30 55.00 2.96 96.10
AD 0.00 0.00 50.00 0.00 50.00 29.80 25.40 1.16 99.60 0.25 13.00 26.60 4.55 22.80 0.00 0.00 12.80 27.70 0.00 0.00 4.20 65.00 12.00 14.30 24.70 42.00 2.04 94.80 10.60 1.65 88.10 25.00 30.80 64.20 26.10 40.80 54.30 34.70
AD 0.00 0.00 0.00 0.00 0.00 4.63 90.30 0.41 95.70 7.63 6.29 68.50 0.06 57.10 0.10 16.60 31.20 11.20 27.90 6.21 5.12 7.65 30.20 3.09 1.15 54.10 10.60 73.20 33.70 1.48 97.70 61.80 85.00 74.70 6.90 66.40 53.50 30.70
AD 13.30 11.80 0.03 0.12 25.10 92.00 94.30 0.22 99.70 0.12 58.10 72.60 0.00 85.10 0.00 74.80 16.70 50.00 31.20 6.25 0.00 85.20 81.80 3.64 1.10 97.90 10.60 77.40 34.50 16.80 78.00 56.60 56.10 84.70 10.00 23.80 56.00 40.00
AD 15.80 18.10 0.19 0.19 50.50 94.30 92.30 11.70 99.80 0.06 82.60 69.60 21.70 86.20 18.80 12.50 10.00 20.00 0.00 0.00 5.15 30.00 99.90 50.00 22.00 99.80 98.90 91.30 48.40 47.60 42.60 81.70 94.20 1.59 97.90 91.90 0.00 71.90
AD 5.32 37.20 039 2.37 3490 9.12 90.60 1.95 99.00 4.66 38.20 69.40 1.90 66.50 0.00 91.40 59.50 6.33 91.70 0.00 3.70 59.30 45.20 7.72 11.50 87.60 12.30 73.10 49.40 1.87 97.00 41.70 86.80 48.50 16.10 77.20 38.40 37.20
AD 0.21 0.41 0.03 0.04 0.98 29.00 96.70 4v04 97.00 3.00 19.80 27.00 0.20 7.90 41.00 3.57 16.20 22.10 0.00 88.90 1.59 79.00 73.80 6.80 0.53 76.40 4.70 67.60 83.20 11.40 87.90 31.70 95.60 8.54 60.60 91.80 0.00 0.00
AD 0.72 5.32 0.86 1.29 48.10 68.10 89.40 2.21 98.90 0.67 43.70 60.20 1.06 82.50 0.00 98.60 43.80 18.80 42.90 21.40 0.00 55.60 81.30 9.55 5.45 98.40 20.80 86.60 15.30 9.40 89.50 19.50 99.60 71.10 18.70 99.00 0.00 0.00
AD 238 1.19 0.00 1.19 11.90 89.90 98.30 0.40 99.90 0.01 40.00 100.00 0.00 85.30 1.69 70.70 0.00 0.00 0.00 0.00 4.94 29.60 98.90 8.52 7.23 98.50 95.90 80.00 26.60 33.40 63.80 31.70 99.60 77.20 19.50 96.70 0.00 0.00
AD 1.28 3.85 1.28 2.14 49.60 81.50 95.60 1.05 99.40 0.86 47.70 55.90 0.20 75.30 5.19 62.20 25.00 25.00 0.00 0.00 0.00 100.00 46.10 14.70 7.66 59.10 20.20 82.50 18.10 10.60 87.70 32.10 99.50 72.10 25.70 98.70 0.00 66.70
AD 2.59 3.14 0.20 1.89 18v00 60.20 93.80 0.47 92.60 3.22 22.70 62.70 0.05 69.80 0.63 84.50 11.40 70.50 70.50 17.20 5.26 89.50 18.70 1.34 0.64 52.20 15.20 67.70 18.70 0.80 99.00 36.60 97.70 67.70 20.90 89.80 0.00 100.00
AD 3.21 2.70 0.00 2.53 15.40 5.07 96.30 0.00 98.80 1.45 0.73 51v80 0.00 72.10 0.71 44.40 8.87 32.30 0.00 50.00 0.00 0.00 13.20 0.90 0.31 32.70 11.50 72.50 12.60 0.83 99.10 34.50 99.90 83.30 14.90 99.40 100.00 0.00
AD 14.20 38.50 26.80 17.10 84.90 81.00 99.50 86.80 99.40 0.46 33.40 86.00 3.75 73.40 3.10 80.50 75.00 16.70 0.00 0.00 31.30 24.70 99.50 50.30 13.70 93.50 98.70 57.00 22.50 70.50 26.60 27.80 89.90 10.00 77.10 79.10 5.30 91.70
AD 431 0.43 0.09 0.26 17.20 59.00 99.30 0.44 99.50 0.00 0.00 0.00 0.00 90.90 23.80 33.00 0.00 0.00 24.70 34.20 0vOO 0.00 99.50 5.64 0.66 67.10 98.60 0.00 33.40 10.50 86.50 33.90 88.30 38.40 43.90 78.10 11.90 83.70
AD 3.61 0.52 0.00 0.52 9.79 42.90 95.90 0.29 99.40 0.00 0.00 0.00 0.00 92.30 19.80 42.20 0.00 0.00 29.30 30.80 0.00 0.00 99.90 47.10 1.05 95.70 97.60 0.00 13.70 25.00 68.70 28.70 70.60 84.90 13.40 70.30 4.41 89.80
AD 12.20 11.70 2.17 5.57 30.10 28.40 99.80 43.80 62.50 1.55 7.25 83v50 4.13 64.90 11.60 39.40 16.70 21.10 18.20 45.50 13.80 37.10 92.50 1.44 0.91 1.12 30.00 36.90 36.00 14.20 84.40 49.00 87.70 17.90 42.00 76.90 21.70 74.50
AD 42.50 85.30 0.24 57.10 0.38 77.80 79.70 2.09 81.70 6.08 73.30 68.00 3.26 45.20 0.00 2.44 0.00 50.00 0.00 14.30 0.00 0.00 50.90 20.40 10.30 48.00 52.10 39.20 14.50 46.60 48.00 53.70 79.30 51.10 28.80 47.30 20.00 47.70
AD 97.00 90.70 0.96 94.50 3.20 15.40 83.20 0.23 100.00 11.40 37.30 86.50 19.30 65.30 8.14 64.10 45.00 10.60 60.60 7.77 30.70 18.90 31.50 1.09 1.20 38.10 36.80 85.90 11.50 3.47 95.20 24.90 78.80 50.10 22.50 67.00 32.90 54.90
AD 96.70 79.80 89.40 96.80 84.20 79.00 87.00 0.64 96.40 11.00 54.40 59.10 13.30 26.30 20.50 24.70 18.10 36.10 16.10 18.40 16.70 45.80 43.10 9.74 7.44 73.90 43.50 79.80 4.93 40.40 57.60 64.40 70v10 33.90 24.50 32.20 11.80 58.80
AD 0.00 63.60 13.60 9.09 13.60 0.24 93.20 1.65 96.50 0.18 0.00 64.00 4.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 1.12 61.20 33.30 0.00 0.00 0.00 33.30 0.00 0.09 0.00 87.50 24.60 84.10 65.40 7.38 71.10 70.30 15.30
AD 81.10 67.40 41.40 0.54 19.50 2.47 79.50 47.40 99.00 2.04 0.00 55.40 20.00 68.20 0.32 45.60 28.20 16.50 8.21 26.10 5.94 49.50 18v00 0.34 8.11 43.40 33.90 74.60 13.00 0.67 99.20 20.80 92.70 61.10 19.70 92.00 57.70 31.50
PV 41.00 84.20 80.10 90.90 74.50 26.00 90.40 25.30 98.40 11.20 10.20 64.50 0.12 49.50 7.12 51.10 34.20 12.50 0.00 27.30 12.80 46.20 34.60 16.50 17.30 15.50 32.10 69.70 30.30 24.30 71.80 41.80 87.40 50.10 22.40 54.30 33.70 36.10
PV 51.20 87.00 82.90 91.30 76.00 66.40 89.80 2.43 99.20 7.68 13.90 57.40 0.21 63.80 10.20 42.00 29.70 23.20 15,20 19.70 12.10 42.40 13.10 9.36 1.71 47.30 26.90 51.80 26.80 20.80 76.40 36.30 83.00 58.70 34.50 64.10 14.90 68.10
PV 0.00 33.30 0.00 0.00 0.00 1.14 89.10 7.20 98.90 0.21 0.00 46.20 12.80 0.01 84.20 0.99 0.00 90.20 0.00 100.00 0.00 100.00 0.96 0.02 8.46 0.00 3.69 17.90 1.37 3.37 96.30 8.62 81.10 80.00 20.00 50.00 75.00 0.00
PV 86.30 95.30 40.40 75.70 25.50 85.60 86.10 16.40 99.40 11.60 33.10 48.20 0.26 46.60 22.40 38.70 17.70 23.30 25.60 45.50 12.90 41.90 48.70 4.82 2.04 42.20 55.10 50.10 23.00 15.20 81.70 48.50 83.40 48.90 25.90 90.80 53.60 22.30
PV 90.20 96.10 49.00 58.80 33.30 51.90 90.70 16.80 99.10 9.65 52.30 46.20 0.46 57.70 1.02 90.50 41.60 18.00 27.00 53.40 16.70 47.20 30.70 0.09 0.67 7.31 37.60 37.40 26.50 9.79 89.30 21.50 84.20 65.30 16.40 88.80 52.20 37.00
PV 91.10 90.90 74.20 85.80 64.90 6.41 88.80 1590 99.70 3.01 1.77 72.00 1.28 72.50 3.99 59.50 20.40 19.70 36.80 14.80 20.60 14.30 98.70 4.15 2.90 6.21 19.40 78.10 23.20 16.70 78.20 45.80 70.40 11.30 84.50 58,10 3.15 95.90
PV 8.18 78.50 96.50 97.70 92.50 12.50 89.10 14.90 99.60 3.64 16.90 72.40 3.37 68.70 1.99 50.20 40.40 11.00 17.00 38.80 25.00 29.20 40.70 15.50 13.50 55.50 47.10 73.40 23.30 4.53 94.40 35.00 84.80 55.70 20.70 63.20 47.00 37.80
PV 87.00 91.60 81.40 95.50 74.80 20.70 80.00 17.50 99.00 11.20 4.28 61.60 3.70 47.00 0.16 71.10 47.60 9.92 46.30 6.69 29.30 12.20 31.80 19.50 19.10 62.60 33.20 93.90 22.00 11.20 65.90 21.00 77.40 46.60 24.40 61.30 31.00 50.70
PV 89.60 72.60 99.40 99.50 99.10 81.00 98.00 26.00 99.00 3.93 5.64 69.10 21.90 66.00 0.24 77.20 53.30 9.53 41.00 25.80 25.70 29.40 27.80 21.20 21.80 22.30 37.90 63.90 45.40 4.21 56.20 28.40 58.50 38.60 24.40 30.20 25.50 51.90
PV 59.40 40.60 65.60 84.40 51.60 80.40 95.10 1.27 97.90 1.81 0.00 41.80 0.12 64.40 0.36 34.90 25.40 8.75 25.00 27.50 19.00 29.50 19.30 2.84 2.49 8.43 52.30 61.30 9.31 5.44 92.60 8.14 74.40 69.10 22.20 64.20 37.40 56.40
PV 85.90 38.90 60.60 94.60 38.90 58.20 77.70 1.54 99.20 0.78 0.23 58.50 0.46 76.00 5.78 51.80 25.80 27.60 15.50 43.90 29.30 31.70 21.80 4.55 1.28 9.22 56.60 80.00 4.29 1.50 95.90 14.80 63.50 71.60 19.20 46.80 59.20 30.30
PV 21.40 71.40 53.60 32.10 32.10 72.80 86.90 70.40 99.80 7.27 6.28 68.70 3.93 60.50 6.13 42.80 75.00 0.00 0.00 0.00 0.00 0.00 98.60 2.87 95.70 2.40 2.44 77.20 24.90 21.30 75.10 34.00 63.00 40.60 54.30 17.70 46.00 43.00
PV 41.70 85.40 37.50 41.70 20.80 50.50 87.10 25.30 99.80 0.88 0.00 46.10 38.30 3.83 0.58 44.10 35.70 14.30 28.00 11.80 26.20 41.50 33.60 20.50 0.72 6.04 52.90 63.00 24.60 45.80 51.20 19.00 84.80 74.70 9.10 48.10 23.80 57.10

Abbreviations: AD, atopic dermatitis; PV, psoriasis vulgaris; Th, T helper.
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Mosaicplot with Pearson Residuals

M Schindler et al.
Humanized Mice Reflecting Human Skin Disease Phenotypes

Figure 2. Mosaic plot and Pearson
residual contingency analysis of
immunological profiles in humans.

Group The width of the rectangle indicates
I u the number of samples. Red tiles
Pearson indicate significant negative residuals,
residuals: where the frequency is less than
T 26 expected. Blue tiles indicate
significant positive results, where the
- 20 frequency is greater than expected.
Labels on the right side indicate the
2 contribution of each cellular profile to
the significance of the chi-squared test
result.
=
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o
[=
g - 00
= I
=
o
= _2_0
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LI 0.00010168
DISCUSSION The network analysis further supported these differences,

In this study, we demonstrated significant differences in the
inflammatory profiles and immune cell networks between
patients with AD and those with PV. These differences were
consistent with previous findings of high heterogeneity
among patients with AD and a predominant Th2/Tht
cell—driven response in AD (Brunner et al, 2017). In contrast,
the PV group exhibited elevated frequencies of macrophages,
activated macrophages, activated monocytes, and M1/M2
monocytes, suggesting a monocyte- and macrophage-driven
inflammation in these patients.

showing distinct equilibria between AD and PV. The AD
network displayed higher heterogeneity with Th17 and Th1/
Th17 cells at the center, whereas Th1 and Th2 cells were
located at the periphery. These observations are in line with
those of previous studies that suggest a role of Th2/Th1 and
Th17 cells depending on the status and subgroup of the dis-
ease (Bieber, 2022; Sudrez-Farifas et al, 2013). A significant
cell hub consisted of CD14+ TSLP receptor—positive cells,
which have been identified as a therapeutic target in AD
(Nakajima et al, 2020). The location of CD1a-expressing

Table 4. Animals and Groups Defined in the Animal Studies

Groups in the NSG Model

Donor Diagnosis Medication SCORAD/PASI Control, n (f/m) DMSO, n (f/m)’
ADI1 AD None 17.36 4 (2/2)(0) 8 (6/2)(1)
AD2 AD Glucocorticoid topic 12.3 6 (2/4)(0) 6 (6/0)(0)
AD3 AD Omalizumab, glucocorticoid topic, fexofenadin, salbutamol 12.608 0 6 (6/0)(1)
AD4 AD Omalizumab, glucocorticoid topic, fexofenadine, salbutamol 15.054 0 6 (4/2)(0)
AD5 AD None 17.36 0 6 (6/0)(0)
AD6 AD Glucocorticoid topic 17.5 0 6 (6 /0)(0)
AD7 AD None 8.18 0 6 (4/2)(2)
PV1 PV None 8.7 6 (0/6)(0) 6 (6/0)(0)
PV2 PV None 4.8 6 (4/2)(0) 6 (0/6)(0)
PV3 PV None 6.1 0 6 (3/3)(0)
PV4 PV Mometasone, calcipotriol 12.1 0 6 (6/0)(0)
H Healthy 0 6 (6/0)(0) 6 (6/0)(0)
Total 28 (14/14)(0) 74 (59/15)(4)

Abbreviations: AD, atopic dermatitis; f, female; m, male; PASI, Psoriasis Area and Severity Index; PV, psoriasis vulgaris; SCORAD, SCORing index of Atopic

Dermatitis.
'Animals excluded from the studly.

www.jidinnovations.org


http://www.jidinnovations.org

M Schindler et al.
Humanized Mice Reflecting Human Skin Disease Phenotypes

a * %
% 1254
() .
= & 7 : :
o —
S 100 . 2
o © 34 -~ -
S 754 . e a
17 ’ o | ot
o oo . S 2] —_ -
D 50 amon I @ |
= [y— . [a]
NELE O =
, . 5 |
T 0.0 1 0 I e o snuenn
AD control AD DMSO PV control PV DMSO H control H DMSO AD control AD DMSO PV control PVDMSO H control  H DMSO
m=10 =40 n=12 nl=24 n=6 0= n=10 n=40 n=12 n=24  n=6 n=6
2.04
] |
@
® 45
- § 8 15
85 - 38
=K 0) o5
C = T E 1.0
g9o XS]
= S c
ISP g
2 @ 0.5+
£ £
0 0.0 : °
AD DMSO PV DMSO HDMSO AD DMSO PV DMSO H DMSO
minus minus minus ; - 4
minus minus minus
Ab.control P¥control H:control AD control PV control H control

‘w1254
£ .
g_ =%k
2 10.0 . e
[0}
2
8 754
@»
o
@ 504
5 -
2 P
D 25 . |
2 ! |
T 0.0 1
AD control AD DMSO PV control PV DMSO H control HDMSO
n=10 n=40 n=12 n=24 n=6 n=6
6
@
o
=¥
5 47
©E
g_'c
Sc
§
S
0
AD DMSO PV DMSO HDMSO
minus minus minus
AD control PV control H control

Figure 3. Exposure to DMSO induces skin lesions and pathological manifestations in NSG-AD and NSG-PV mice. NSG mice were reconstituted with PBMCs
from donors with AD (n = 7) and PV (n = 4) or healthy donors (n = 1) on day 1 or left nonreconstituted. H denotes healthy. They were either left unchallenged
(AD control: n = 10; PV control: n = 12; healthy control: n = 6) or challenged with 100% DMSO on days 8, 16, 18, and 20 (AD DMSO: n = 43; PV DMSO: n =
24; healthy DMSO: n = 6). The mice were killed on day 21. (a) Clinical ISD scores and skin ISD scores are presented as Cumming plots. (b) Representative
macrophotographs of the skin of (a) AD DMSQO, (b) PV DMSO, (c) healthy DMSO, and (d) nonreconstituted DMSO mice are shown. (c) Representative
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Figure 4. lllustration of the influx of
AD DMSO PV DMSO different immune cells into the
epidermis of DMSO-treated NSG-AD
and NSG-PV mice. The mice were
treated as described in the previous
section. Sections were stained with
anti-human CD4, anti-human CD8,
anti-human CD19, anti-human CD14,

CD4 and anti-mouse Vim antibodies.
Micrographs of representative sections
were captured using an Axioskop 40
CFL camera (Zeiss). To enhance
contrasts within the images, a tonal
correction was applied using Adobe
Photoshop CC. Bar = 100 pm. AD,
atopic dermatitis; PV, psoriasis
vulgaris; Vim, vimentin.

CD8

CD19

CD14

Vim

i

micrographs of H&E-stained skin sections from (a) AD DMSO, (b) PV DMSO, (c) healthy DMSO, and (d) nonreconstituted DMSO mice. Bar = 100 pm. Arrows
indicate the influx of inflammatory cells, whereas bold arrows indicate the thickening of the skin. (d) Histological ISD scores are depicted as a Cumming plots.
*P = .05—.01, **P = .01—.001, and ***P < .001. AD, atopic dermatitis; ISD, inflammatory skin disease; PV, psoriasis vulgaris.
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Figure 5. Display of the distinct
immunological phenotypes of NSG-
AD and NSG-PV mice. The mice were
treated as described in the previous
section, and human leucocytes were
isolated from their spleens for flow
cytometric analysis. Frequencies of
different cell types are presented as
Cumming plots. *P = .05— .01, **P =
.01—.001, and ***P < .001. AD,
atopic dermatitis; PV, psoriasis
vulgaris.
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Table 5. Data Mice

Clinical Skin

ISD Histological 1SD 27n_ 27n_ 27p_ 27p_ 14_ 14_ 14_ IL- IL-
Donor Sex  Treatment Score  ISD Score Score 19 19_38 27n IgDn IgDp 27p IgDn IgDp 4. n 4 EC 4 CM 4_EM 14_1a 252 TSLPR 163 14.206 M1 M2 4 69 4103 4_134 Treg 4_252 MCP3 TSLP IL-4 12p70 17A
AD 1 m AD control 0 0 0 418 567 81.4 483 48 156 543 416 O 11.1 819 59.8 239 124 157 756 281 752 31.8 32 22 4.66 0.84 40.7 910 114 77 28 28
AD 1 m AD control 0 0 0 457 5.01 821 396 573 139 383 56.7 0 0 60.6 15.5 37 185 272 84.4 31 75.7 354 328 226 543 023 469 2019 54 76 27,5 28
AD 1 f AD control 0 0 0 598 146 744 317 633 206 242 721 0 76.7 411 39.1 159 321 878 355 77.6 40.7 389 257 519 0.15 413 385 39 20 15 28,5
AD 1 f AD control 0 0 0 515 11.6 746 39.8 563 21.6 484 48.6 66.7 333 53.8 135 218 149 1.82 753 325 795 339 30 21.6 545 0.092 309 411 30 77 11 18
AD 1 f AD DMSO 3 12 2 53.9 124 73.7 289 665 21.4 319 612 66.7 0 894 1,9 324 227 245 834 386 79.5 409 35 24.1 7.73 024 62.6 12,019 1432 31 14 18
AD 1 f AD DMSO 3 11 3 56.5 13.5 759 37.6 58.1 18.8 443 525 100 O 792 29 157 17.7 218 826 325 76.1 376 31.5 21.8 6.09 0.14 246 10,836 1147 30 17 22
AD 1 f AD DMSO 2 6 3 542 9.52 77.5 40 56 17.6 53.1 439 100 O 78.8 9.41 153 17.6 233 828 443 80,1 449 33.6 238 144 029 231 4436 993 23 13 18
AD 1 f AD DMSO 0 4 0 59.1 242 67 352 588 282 40 54 333 0 20.6 456 129 212 138 83.8 65 85.6 56.3 28,5 19.9 103 0.57 46 4350 394 38 18 16
AD 1 f AD DMSO 0 4 3 512 88 80.2 352 61 154 376 579 0 50 62.7 847 173 216 2.03 88 452 82.8 454 30 19.3 106 031 545 8621 1520 51 12 22
AD 1 m AD DMSO 0 10 4 514 147 728 387 548 22.6 53.3 40.5 333 66.7 482 241 257 13.4 1.51 806 30.6 80.4 322 299 204 997 044 22.1 6889 1451 42 24 18
AD 1 f AD DMSO 0 11 1 61 339 56.6 322 60.1 379 363 56 444 11.1 786 635 206 17 1.73 833 307 79.4 349 296 199 12 0.45 152 11,580 1728 35 19 17,5
AD 2 f AD DMSO 5 4 1 59.3 345 29.1 433 546 694 36.5 61.8 579 158 789 231 216 145 1.68 699 672 76.7 512 30.5 27 15 0.59 359 1884 63 21 21 19,5
AD 2 f AD DMSO 2 4 1 56,1 32.6 324 583 403 66 329 626 60 20 548 122 363 204 142 584 59.6 76.7 353 209 19.7 19 1.84 28.8 1646 49 13 13 16
AD 2 f AD DMSO 0 4 0 61.7 348 289 444 532 69.6 372 622 66.7 O 925 201 279 13.1 181 742 68.7 754 522 351 288 16.2 033 46.8 169 48 12 14 16
AD 2 f AD DMSO 6 4 0 58.6 272 327 493 483 65.7 37.6 61.6 O 0 100 0 258 112 158 755 67.6 76 54 34 30,5 135 0.53 529 349 70 14 15 24
AD 2 f AD DMSO 4 4 1 59.1 33.4 283 423 554 702 39.2 59.7 100 0 86.2 0 195 104 1.14 742 722 789 54 355 295 154 075 50.7 633 55 11 11 13
AD 2 f AD DMSO 6 4 2 57.5 245 30.6 39.7 58.1 68.1 29.8 684 0 0 100 0 27.4 127 2.86 64 68.2 627 458 31.8 305 9.03 043 412 456 44 15 15 15
AD 2 m AD control 0 1 2 653 286 28 41.8 56.4 70.7 293 684 0 0 85.7 0 31 16.3 338 755 728 69.4 52.5 38.6 328 15.1 0 41.4  NaN NaN 7 7 ©
AD 2 m AD control 0 0 0 621 237 302 394 585 685 372 616 0 0 692 769 328 184 524 789 76.5 733 657 46.7 429 179 0.83 556 2757 39 13 13 14
AD 2 m AD control 0 1 0 603 275 315 38 60 673 31 679 0 0 51.9 741 257 141 3.02 66.1 73.9 68 462 289 29.7 11 2.03 333 762 39 9 11 12
AD 2 m AD control 0 1 0 644 29.1 275 355 629 71 34 648 0 0 100 0 274 13 421 673 751 693 52.1 33.6 33.1 18.1  1.13 41.8 10,020 49 12 11 12,5
AD 2 f AD control 0 1 0 62 249 281 39 59.1 70.8 309 67.5 50 0 100 0 352 17.6 3.41 734 674 648 52 299 243 188 1.06 52.6 193 33 13 13 13,5
AD 2 f AD control 0 2 0 657 31 244 353 626 744 29.1 688 0 0 71.4 0 31.8 172 261 75 59.9 66.8 51.3 34.6 26.7 17.6 1.62 57.7 5636 32 8 9 10
AD 3 f AD DMSO 0 4 1 60.8 33 34 51.7 462 643 333 66 0 0 100 20,3 20.5 261 785 608 742 51.5 27.1 245 954 19 232 245 67 13 10 10
AD 3 f AD DMSO 2 5 0 595 36.7 326 546 429 65.6 389 60.8 100 O 0 100 194 174 1.73 80.7 686 76.9 553 31.7 299 119 144 203 55 47 20 11 13
AD 3 f AD DMSO 0 3 1 60.6 40.1 31.2 533 446 67.2 363 63 0 0 0 22 219 578 825 625 762 57.5 31.9 30.1 13.9 079 237 997 86 15 12 15
AD 3 f AD DMSO 0 4 2 59.4 403 31.8 545 43.1 66.5 40.6 58.7 0 0 0 100 213 185 2.18 813 66.1 75 55.6 335 328 103 1.46 225 2462 77 20 16 21
AD 3 f AD DMSO 0 5 1 533 319 37 562 413 614 377 61.7 0 0 0 100 219 20.7 239 679 426 653 389 19.8 199 286 287 225 608 77 15 10 9,5
AD 4 f AD DMSO 0 3 1 45,6 296 35 522 46 61,6 277 703 100 O 333 333 175 155 1.03 525 60.1 733 245 9.15 109 374 515 949 5089 135 45 15 13,5
AD 4 f AD DMSO 0 5 0 583 21.1 256 456 522 73 33.1 658 O 0 0 0 25.1 159 1.62 673 587 77.1 434 378 359 4.03 032 315 353 158 58 11 13
AD 4 f AD DMSO 0 6 3 57.8 17.7 27.6 45.1 52.8 709 36.5 63.2 0 0 0 0 173 13 149 674 626 789 442 386 36.7 807 0.15 33.7 1056 109 80 11 14
AD 4 f AD DMSO 0 6 0 523 142 319 494 482 665 326 669 0O 0 0 0 19.1 145 159 672 642 77.8 421 286 26.8 11.3 2.1 26.4 421 1111 114 13 11
AD 4 m AD DMSO 0 2 0 51.4 10.7 33.8 533 445 646 319 665 0 0 0 0 226 168 191 725 62.1 78.8 52.7 428 37.6 12.1 023 522 667 180 23 10,5 10
AD 4 m AD DMSO 0 4 0 55,5 179 282 509 474 705 26 725 100 0 0 0 29.6 20.8 243 67.6 583 747 41.7 38 33.8 9.8 0.82 49 817 G 23 11,5 13
AD 5 f AD DMSO 1 5 3 84.6 39.9 275 225 741 71.1 39 602 100 0 100 0 303 163 098 784 216 781 222 482 424 0.55 0 62.5 209 53 21 26 18
AD 5 f AD DMSO 2 3 2 88.2 484 229 177 792 758 385 608 100 O 58 714 295 151 093 79 21.9 76 20.5 472 39.7 0.54 0 62.4 140 60 19 25 17
AD 5 f AD DMSO 0 5 1 88.5 539 216 15 80.8 77.1 375 61 72,7 0O 49.9 109 476 312 0.81 782 19.1 69.6 199 37.6 31.7 039 0 629 1816 361 23 26 18
AD 5 f AD DMSO 0 6 1 88.7 53.5 226 154 79.1 758 293 683 955 O 50.7 14 523 316 1,01 845 303 795 26.6 41.4 33.1 0.78 0 75.1 560 198 20 20 14
AD 5 f AD DMSO 0 7 2 86.4 50.2 234 193 73.8 749 274 66 100 O 36 28.1 30.5 33.6 1.33 851 365 79 32 413 334 1.18 0 77.3 222 234 20 22 16
AD 5 f AD DMSO 0 8 1 87.7 485 23 18 788 75.8 27.7 704 100 O 49.8 159 46 242 1.06 787 408 77.7 30.6 65.9 58.1 1.86 0 70.3 179 299 27 26 18
AD 6 f AD DMSO 4 6 0 812 537 379 182 752 57.6 31.5 612 719 526 75 0 266 17 193 80.6 63.4 879 46.7 248 222 37.8 045 497 737 81 12 11 9
AD 6 f AD DMSO 0 5 0 81 558 34.1 151 783 61.6 172 79 100 O 84.2 0 39.1 35 1.43 826 57.1 903 48.1 265 24.1 48.5 0.51 46.6 1118 159 13 11 10
AD 6 f AD DMSO 2 4 0 802 50.2 41.8 19.1 755 53.5 38.1 55.6 69.4 11.1 66.7 333 167 16 1.63 802 593 87.8 452 19.6 213 402 0.56 49.7 745 49 24 14 11
AD 6 f AD DMSO 8 6 0 826 60.7 325 156 80.2 64 394 56 69.8 233 714 0 111 16  1.57 79.1 647 86.9 469 233 21.1 345 04 513 591 100 19 13 11
AD 6 f AD DMSO 0 5 0 81.8 525 419 225 693 51.7 25 642 684 7.89 90 0 135 26 1.16 845 492 92 394 21 199 48.6 0.51 728 1108 104 25 22 16
AD 6 f AD DMSO 0 3 0 771 449 419 226 726 51.8 457 482 773 267 346 154 232 11.6 133 773 633 879 432 186 178 327 04 34 1297 1039 16 11 9
AD 7 f AD DMSO 6 6 1 67.6 73.7 19.7 452 51 789 23.1 748 100 O 89 3.6 146 463 9.09 654 437 43 37.7 29.1 37.1 43.6  0.52 13 2582 253 15 15 9,5
AD 7 f AD DMSO 4 7 1 70.6 743 19 40 555 79.4 218 754 333 O 93.6 295 199 48.7 108 63.7 36.7 40 32.5 25.1 345 42 0.43 159 1521 144 14 14 12
AD 7 f AD DMSO 0 5 1 71.7 744 175 46.6 515 81.8 215 776 O 0 96.3 0.83 22 508 13.8 793 60.9 449 545 322 402 454 0.1 156 1484 174 17 16 20
AD 7 m AD DMSO 0 5 0 70.8 73.5 19.1 445 513 79.4 22.5 76.1 0 0 99.8 0 26.1 48.8 12.1 68.9 46 43.7 40.7 27.7 37.6 43.7 0.092 172 1098 917 17 17 13

(continued)
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Table 5. Continued

Clinical Skin

ISD Histological 1SD 27n_ 27n_ 27p_ 27p_ 14_ 14_ 14_ IL- IL-
Donor Sex  Treatment Score  ISD Score Score 19 19_38 27n IgDn IgDp 27p IgDn IgDp 4_n 4 EC 4 CM 4_EM 14_1a 252 TSLPR 163 14.206 M1 M2 469 4103 4_134 Treg 4_252 MCP3 TSLP IL-4 12p70 17A
PV 1 m PV control 0 0 0 654 179 76.2 35 56.6 18.8 345 52.7 50 0 259 414 409 246 297 81.6 50,1 46 453 31 373 18,1 259 42.1 171 27 38 11 24
PV 1 m PV control 0 0 0 679 293 705 343 572 22 416 449 20 20 248 286 489 251 25 82 64,5 308 51.1 27.1 253 304 276 47.7 405 40 46 16 41
PV 1 m PV control 0 0 0 67.9 249 75 314 572 19.7 324 549 40 0 27 39.7 46.7 28 237 762 505 30,1 40.5 275 29.7 242 3.13 383 67 26 199 16 108
PV 1 m PV control 1 0 0 688 304 73 294 62.1 21.6 351 539 O 0 35.7 33.7 499 217 158 744 458 28,6 38.7 195 26.6 303 285 49.7 84 30 123 16 62
PV 1 m PV control 0 1 0 639 186 79.8 41.1 52 157 51.2 37.8 25 125 353 17.6 322 188 19 779 468 429 399 25 31.8 209 243 426 145 28 82 15 37
PV 1 m PV control 0 0 0 503 30.6 639 49.8 422 32.1 415 385 9.09 36.4 13.8 415 30.7 20.1 157 84 73 19.9 56.5 9.27 60.8 574 16.6 19.6 586 45 57 13 32
PV 1 f PV DMSO 4 8 1 66.2 26.8 74.7 474 47 193 435 418 104 19.8 185 374 428 169 1.85 82 60.3 329 50.7 254 402 31.8 6.28 433 6242 69 33 15 76
PV 1 f PV DMSO 0 3 0 525 265 62 49.4 452 282 37.8 38.1 209 19.4 14 444 754 236 122 784 645 21.1 48 144 62.1 445 124 311 743 162 50 14 41
PV 1 f PV DMSO 6 3 0 678 182 786 38.1 555 16 46.5 454 25 25 100 0 743 22 1.66 80.2 587 42.7 50.5 36.2 22 11.7 1.84 708 560 198 55 23 49
PV 1 f PV DMSO 4 7 0 683 19.2 775 377 55 16.6 449 46 26.7 26.7 66.7 0 65.2 20.7 1.84 833 56.7 594 546 359 28.1 28.7 1.87 685 232 336 49 15 37
PV 1 f PV DMSO 0 2 0 71 31 741 37 548 202 464 433 16.7 25 13.5 452 426 244 1.55 80.7 39.1 52.4 404 299 21 15.4 421 416 436 70 38 14 28
PV 1 f PV DMSO 0 2 0 664 282 73.1 379 545 21 38 475 25 625 174 36 71.8 213 206 843 572 386 502 259 319 46.1 895 473 144 209 79 23 67
PV 2 f PV control 0 0 0 642 134 782 452 502 18 60 36 0 0 0 0 10.8 8.51 1.42 669 239 53 17.6 255 0.04 494 0 18.3 44 23 38 11 15
PV 2 f PV control 0 0 0 69.7 256 686 328 579 252 295 588 O 0 0 0 13 179 196 70.1 164 49.8 152 253 0.13 848 0.57 18.6 86 49 144 42 127
PV 2 f PV control 1 0 0 69 222 722 335 602 224 424 503 O 0 0 0 149 18.1 231 747 30.6 545 27 32.7 0 3.16 0.066 31 230 31 56 15 29
PV 2 f PV control 0 2 0 676 169 75 385 569 20.6 539 426 O 0 0 0 11.4 126 166 69.5 31.1 53 23.7 245 0.038 6.67 0.056 22.5 716 31 30 15,5 23
PV 2 m PV control 0 0 0 67 16 753 39 55.6 20.7 53.5 40.1 0 0 0 0 11.6 9.7 1.56 66.1 284 502 216 26 0.029 3.79 021 229 148 31 30 13 29
PV 2 m PV control 0 0 0 659 17.4 76 42.7 524 208 633 31.7 O 0 0 0 9.08 8.78 1.19 672 286 53.7 22.4 23.6 0.072 4.59 025 56.2 58 21 55 15 25
PV 2 m PV DMSO 0 6 1 66.5 198 67 339 58 279 254 609 O 0 0 0 679 24 263 773 29.1 41.8 24.4 30.6 0.018 9.05 0.16 747 305 3093 37 11 24
PV 2 m PV DMSO 0 4 1 64.4 13.7 77.5 441 51.2 188 62.5 325 0 0 0 0 49.4 102 1.6 725 332 529 273 27.6 0 523 0.13 649 833 1432 105 16,5 33
PV 2 m PV DMSO 4 8 3 66.6 143 789 427 53 17.1 52.4 434 0 0 0 0 513 108 1.94 748 25.1 57.5 23 313 0.035 5.5 0.071 67.5 157 188 25 12 24
PV 2 m PV DMSO 6 3 4 61.5 27.1 63.7 35 599 32.1 559 365 0 9.09 0 0 222 199 145 74 28 47.8 244 223 0.051 13.6 033 434 317 45 62 14 27
PV 2 m PV DMSO 0 2 1 69.3 209 71.8 36.2 587 219 52 418 0 0 0 0 50,6 11,8 3,56 273 762 36 6,99 32,1 0,034 844 0.15 66.1 874 906 133 16 33
PV 2 m PV DMSO 0 2 0 675 218 728 36.5 585 21.1 48.1 458 O 0 0 0 57,1 16,3 3,59 76,6 31 58 29,3 34,2 0 9,52 0.12 66.6 176 255 33 15 26
PV 3 f PV DMSO 0 4 0 662 315 669 333 612 279 423 519 O 50 0 100 54.8 28.1 4.18 769 9.49 485 8.7 27.8 0.048 7.6 1.4 605 992 161 19 12 25
PV 3 f PV DMSO 0 4 1 67.9 342 60.6 29.7 645 33.5 409 52 0 143 0 0 54 279 6.22 306 52.8 50.8 8.29 345 0 8.58 1.1 69 706 54 37 12,5 27
PV 3 f PV DMSO 0 4 2 66.2 31.3 63.7 37 584 315 593 368 0 143 0 0 48.1 20 411 76.2 7.9 50.4 5.89 289 0.15 546 0.53 65 469 352 53 25 52
PV 3 m PV DMSO 0 8 3 68.7 33.1 62.8 332 619 32.6 41.5 524 0 0 100 0 56.1 28.1 3.72 785 625 52.6 64 248 0 9.01 132 683 590 455 57 22,5 37
PV 3 m PV DMSO 0 7 1 64.8 33.9 623 299 644 322 458 475 0 375 0 0 56.5 27.1 437 803 954 52.8 885 324 032 878 092 675 1417 124 28 11 22
PV 3 m PV DMSO 0 4 1 61.8 284 63.4 36.6 589 32 63 325 0 0 0 50 48.4 16.8 324 795 842 575 6.41 341 0.16 639 122 712 2207 1394 31 26,5 51
PV 4 f PV DMSO 2 4 3 47.7 244 226 359 622 763 435 555 O 0 0 0 18,6 10,2 2,04 494 76,2 23,7 31 119 173 10,3 0.41 26 1203 1149 21 11 18
PV 4 f PV DMSO 0 6 1 443 22.8 247 422 554 742 448 529 O 0 100 0 383 16.2 287 708 746 334 505 238 282 222 211 587 1338 1511 21 11 15
PV 4 f PV DMSO 0 6 2 471 215 265 35 624 72 428 556 75 125 0 0 40 153 242 729 792 436 519 20.6 26.5 224 251 629 3129 1448 17 10 15
PV 4 f PV DMSO 0 7 1 413 149 295 39.1 585 689 55.6 434 857 O 100 0 259 112 141 63.6 71.1 32.8 42.7 203 232 144 192 494 287 23 19 21 29
PV 4 f PV DMSO 4 5 1 39.1 872 324 393 58.6 659 48.4 50.6 100 0 0 0 17.8 9.67 185 525 688 20.5 335 21.3 233 149 1.88 495 1343 656 29 16 29
PV 4 f PV DMSO 6 6 1 386 162 29 379 60 69.4 485 49.6 100 0 100 0 44.6 18.1 2.1 61 72,5 27.7 40.6 245 252 15.1  1.57 679 1639 1086 20 19 35
H f H DMSO 0 3 0 64.6 403 613 26.7 62.7 339 23.7 554 375 0.78 344 199 584 335 136 733 368 699 30.1 268 198 9.29 058 8.65 5945 104 11 11 12
H f H DMSO 0 2 0 62.7 381 645 248 655 293 241 58.8 21.2 6.06 459 17 49.5 156 1.41 56.7 31.2 72 185 26,5 196 148 0.87 156 2395 101 9 8 7,5
H f H DMSO 0 2 0 62.2 415 64.6 28.8 63.3 30.8 33.1 544 34 566 492 175 36.1 9.6 1.51 47.1 26.5 715 123 29.1 235 18.6 0.95 16.7 1903 59 7 7 8,5
H f H DMSO 0 3 0 572 425 519 27 609 419 124 60.8 29 7.53 488 184 3.19 9.62 2.19 376 174 603 801 153 326 28.7 398 6.62 556 76 9 8 9
H f H DMSO 0 4 0 63.7 51.8 479 20.2 65 458 846 69.1 12.4 2.06 56 16.5 751 18.7 1.09 60.6 263 578 17.8 17.6 291 31.4 352 8.68 597 53 7 7 8
H f H DMSO 0 6 0 629 365 642 293 64 312 344 52 183 1.22 20 30 3.66 397 125 523 31.7 659 159 21.1 244 199 322 979 191 54 8 8 8
H f H control 0 2 0 64 36 63 283 62.7 30.8 35.5 48.7 13.7 137 12 50 43 241 1.15 558 36.5 65.1 23 29.1 1.81 13.8 0.66 13.7 376 31 11 9 11
H f H control 0 2 0 68.1 363 579 286 624 372 459 36.5 389 4.44 17.7 39.6 145 141 136 69 40.8 703 33 263 196 159 126 315 74 38 13 10 12
H f H control 0 2 0 63.7 425 59.8 283 60.1 35.1 29.7 442 23 203 154 379 326 153 133 659 363 64.1 253 20.5 2.64 19.1 1.82 419 143 32 13 12 16
H f H control 0 2 0 645 455 599 26.6 629 345 313 492 245 189 16.7 392 996 173 158 622 398 642 29.1 266 1.85 224 155 185 8 10 13 8 9,5
H f H control 0 2 0 556 334 64 276 642 30.8 326 50.6 25 1.67 122 446 839 12 1.1 629 343 642 258 22.6 131 18 1.75 725 18 11 12 9 9
H f H control 0 2 0 647 40.1 66.1 26.5 66.1 29 37.7 51.1 16.7 16.7 9.42 246 89 72 128 68.8 38.7 71 302 271 156 12.7 0.69 39.8 7 10 8 8 10
Nonreconstituted ~ f Non 0 1 0 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 336 226 36 11 10

reconstituted

(continued)
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Table 5. Continued

Skin

Clinical

IL-

IL-

g 4252 MCP3 TSLP IL-4 12p70 17A

14_

14

14_
n 4 EC 4 CM 4_EM 14_1a 252 TSLPR 163 14_206 M1

27p_ 27p_

gDn IgDp 27p IgDn IgDp 4

27n_ 27n

Histological ISD

ISD
Score

M2 4.69 4.103 4_134 Tre

Score 19 19_38 27n I |

ISD Score

Treatment

Sex

Donor

12 14

36

06

1

20

1

NaN NaN NaN

NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN

2

Non
reconstituted

f

Nonreconstituted

77 66.5 13 16

461

NaN NaN NaN

NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN

0

Non
reconstituted

f

Nonreconstituted

12 15

66

28

1

174

NaN NaN NaN

NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN

0

on
reconstituted

f

Nonreconstituted

Abbreviations: AD, atopic dermatitis; f, female; H, healthy; ISD, inflammatory skin disease; m, male; MCP3, monocyte chemoattractant protein 3; NaN, not a number; PV, psoriasis vulgaris; Treg, regulatory T cell;

TSLPR, TSLP receptor.

M Schindler et al.
Humanized Mice Reflecting Human Skin Disease Phenotypes

monocytes and macrophages also differed between the 2
networks, with the AD network embedding these cells and
the PV network placing CD1a-expressing monocytes at the
outskirts. In the epidermis, these cells referred to as inflam-
matory dendritic epidermal cells are known to express
increased frequencies of the high-affinity IgE receptor and the
mannose receptor (CD206) in addition to CD1a. Owing to
these characteristics, inflammatory dendritic epidermal cells
are considered important mediators in AD and atopic
eczema (Wollenberg et al, 2002, 1996). Furthermore, in-
flammatory dendritic epidermal cells have been utilized to
discriminate between intrinsic and extrinsic AD (Oppel et al,
2000).

In contrast to the AD network, the PV network was densely
centered on activated monocytes and macrophages, with
TSLP receptor—expressing monocytes located at the periph-
ery, indicating minimal correlation with other cells. Th1/Th17
cells but not Th17 cells alone were embedded in the network,
suggesting that in PV, Th1 cells derive from Th17 cells. This
plasticity has been shown to be crucial in the pathogenesis of
colitis (Harbour et al, 2015).

Reconstitution of NSG mice with PBMCs from donors with
AD or PV, followed by challenge with DMSO, resulted in
distinct pathological manifestations and expression of in-
flammatory markers. NSG-AD mice exhibited a more in-
flammatory phenotype, partially reflecting the characteristics
of the immunological profile of patients with AD. The pre-
dominant features of the NSG-AD model were the influx of T
and B cells as well as monocytes into the dermis and
frequently into the epidermis, along with elevated levels of
MCP3. In contrast, the influx of lymphocytes in NSG-PV mice
was less pronounced than in NSG-AD mice, but increased
presence of fibroblasts and higher levels of IL-17A were
observed.

In both models, the application of DMSO was necessary
for the development of symptoms and skin pathologies. The
exact mechanism through which DMSO triggers the reaction
is unclear. DMSO is known to penetrate the skin and act as a
carrier (Brayton, 1986), which could potentially enable skin-
residing bacteria or fungi to induce the inflammatory
response. However, DMSO s also recognized as a skin irri-
tant that can cause burning sensations, erythema, and itch-
ing. Regardless of the mechanism through which DMSO
triggers the response, the development of symptoms and
pathological manifestations requires the immunological
background of a diseased donor. The same observation has
previously been made in other models (Wel} et al, 2023).

The analysis of splenic leucocytes provided insights into
the impact of reconstituted PBMCs in the NSG mice.
Regardless of the challenge, a significant difference was
observed between the NSG-AD and NSG-PV groups. Simi-
larly, levels of ILs such as IL-4, IL-12, and IL-17A in the skin
did not increase upon challenge but exhibited differences
between NSG-AD and NSG-PV mice. No increase in cyto-
kines was observed in the NSG-H mice, corroborating the
previous observations.

Hierarchical cluster analysis demonstrated that the immu-
nological profiles of most mice clustered according to the
diagnosis of the donor, with most mice from the same study
closely clustering together. This finding supports previous
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Figure 6. lllustration of the comparison of immune profiles between NSG-AD and NSG-PV mice. The mice were treated as described in the previous section,
and frequencies of human immune cells isolated from mouse spleens were analyzed by flow cytometric analysis (NSG-AD: n =4, n = 22; NSG-PV:n =4, n =
24). AD, atopic dermatitis; PV, psoriasis vulgaris; Treg, regulatory T cell; TSLPR, TSLP receptor.

studies that have suggested a partial conservation of the
immunological profile of the donor in the mice (Jodeleit et al,
2020; Unterweger et al, 2021b).

Therefore, the NSG-AD and NSG-PV models help bridge
the gap to human diseases and are well-suited for elucidating
immunological processes and validating novel therapeutics.

Limitations of the study

This study has certain limitations, including a small number
of patients, which provides only a snapshot of these patient
populations. The study also does not account for the dynamic
nature of inflammation and may not be suitable for defining
patient subgroups. Furthermore, the selected subtypes of
immune cells do not cover the entire spectrum of cells,
potentially missing important factors. Despite these limita-
tions, the study provides valuable insights and suggests that
this approach can contribute to a better understanding of the
underlying immunological processes.

The limitations of the animal model are evident as well.
Although the chimeric NSG mice used in this study are more
representative of human diseases than conventional models,
they still require the interaction of mouse chemokines with
human leucocytes. The compatibility of chimeric ligands and
their respective receptors is not yet fully understood. In
addition, the reconstituted PBMCs lack polynuclear leuco-
cytes, which may play a significant role, particularly in AD.

In summary, the combination of profiling and preclinical
studies in NSG-AD and NSG-PV mice has the potential to
enhance our understanding of the immunological processes
underlying the diseases. Furthermore, it allows for the eval-
uation of therapeutics targeting specific molecular targets in
humans.

JID Innovations (2024), Volume 4

MATERIALS AND METHODS

Isolation of PBMC

A total of 20—60 ml of peripheral blood in trisodium citrate solution
(S-Monovette, Sarstedt) was collected from the arm vein of patients
with AD and PV following a previously described protocol (Jodeleit
et al, 2020).

The collected blood was diluted with Hank’s balanced salt so-
lution (Sigma-Aldrich) in a 1:2 ratio and loaded onto LeucoSep
tubes (Greiner Bio-One). The tubes were then centrifuged at 400g
for 30 minutes without acceleration and break. PBMCs were
extracted from the interphase and diluted with PBS to a final volume
of 40 ml.

The cell suspension was then counted and centrifuged at 1400g
for 5 minutes. The resulting cell pellet was resuspended in PBS at a
concentration of 4 x 10° cells in 100 pl, ready for further
experimentation.

Flow cytometry analysis

All antibodies listed in Table 6 were acquired from BioLegend and
utilized following the manufacturer’s instructions. Flow cytometry
analysis was conducted using a Thermofisher Attune NxT instrument
from Thermo Fisher Scientific. The resulting data were analyzed
using FlowJo 10.1 Software developed by FlowJo LLC. For gating
strategy see Supplementary Figure ST.

Study protocol
Mice used in this study were sourced from Charles River Labo-
ratories and housed under specific pathogen-free conditions in
individually ventilated cages. The facility adhered to the guide-
lines set forth by the Federation of Laboratory Animal Science
Association.

The experimental mice were NSG (NOD.cg-Prkdc®“Pll2rg™" Wil
Szj) mice, aged 6—8 weeks. On day 1, the mice were engrafted with
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Figure 7. Mosaic plot and Pearson
residual contingency analysis of the
immunological profiles in mice. The
width of the rectangle indicates the
number of samples gained from mice
reconstituted from patients with AD or
PV. Red tiles indicate significant
negative residuals, where the
frequency is less than expected. Blue
tiles indicate significant positive
results, where the frequency is greater
than expected. Labels on the right side
indicate the contribution of each
cellular profile to the significance of
the chi-squared test result. AD, atopic
dermatitis; PV, psoriasis vulgaris.

a 100 pl cell solution through the tail vein, following a previously — experimental group, where they were shaved and depilated with
described procedure (Jodeleit et al, 2020, 2018). The mice were  Veet depilatory cream on both sides (2 x 1 cm) under isoflurane
assigned to either the unchallenged control group or the anesthesia on days 8, 16, and 20. In addition, they were challenged
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Figure 8. pvclust illustration of the comparison of immune profiles between NSG-AD and NSG-PV mice. The mice were treated as described in the previous
section, and frequencies of human leukocytes from mouse spleens were analyzed by flow cytometric analysis (NSG-AD: n =4, n = 22; NSG-PV: n = 4, n = 24);

red rectangles show branches with a P 