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Chapter 5

Abstract

Psoriasis is a chronic inflammatory skin disorder characterized by keratinocyte
hyperproliferation and differentiation combined with immune cell infiltration.
Hereby, we applied imaging mass cytometry to profile the immune system in
non-lesional and lesional skin biopsies from nine psoriasis patients. Snap-frozen
skin sections were labelled with a 41-antibody panel followed by data acquisition
on a Hyperion mass cytometer with 1 um resolution. MCD™ Viewer was utilized
to validate the staining quality of the IMC panel, and to visualize the tissue
architecture. To characterize the immune compartment, we made use of HSNE-
based pixel analysis in Cytosplore Imaging which allowed both the visualization
of the structure of psoriatic skin, as well as the distribution and quantification
of various T and myeloid cell subsets in the skin tissue samples. Moreover, we
observed clusters of pixels harboring features of both T cells and myeloid cells
(double feature pixels), presumably representing close contact between these
two cell types. The results reveal a significant increase of the number of CD4
and CD8 T cells in lesional skin as well and an increase in the humber of CD206*
macrophages and FceRI* mast cells. In contrast, no significant differences in
the presence of dendritic cells (DCs) subsets were observed. However, double
pixel analysis allowed the distinction of patients displaying frequent interactions
between T cells and CD207+*CD1c* Langerhans-like DC in dermis. In addition,
interactions between T cells and CD207-CD1c* DC and between T cells and
CD206* macrophages were observed in all patients but varied substantially. Thus,
imaging mass cytometry in combination with pixel analysis allows classification
of psoriasis patients based on differential presence of immune cell subtypes and
interactions among those. Further work is needed to determine how this relates
to disease severity and response to treatment.

Key terms: Imaging mass cytometry, IMC, CyTOF, Psoriasis
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Introduction

Psoriasis (PS) is a common, chronic inflammatory skin disease with variations
in severity depending on inheritance and environmental factors!. It is clinically
characterized by the appearance of well-demarcated scaling erythematous
plaques with thickened skin, and can affect joints and can be accompanied
by a pro-inflammatory metabolic syndrome?. Psoriasis is an organ-specific
autoimmune disease that is driven by the activated cellular immune system? 4, the
pathophysiology of which is characterized by aberrant keratinocyte proliferation
and immune cell infiltration in the dermis and epidermis in the lesional skin> ¢ 78,
Previous investigators have documented that macrophages and several
populations of activated dendritic cells (DCs) were present in the inflamed skin®
10,1112 Tmmunofluorescence staining has shown that, compared to skin samples
from healthy controls, psoriasis lesional skin has a higher level of tumor necrosis
factor (TNF)-a producing CD68* macrophages - especially in early-phase psoriasis,
while CD68*CD163* macrophages are less abundant!* 4, In addition, IL-23 and
IL-20 producing CD11c* DCs that express HLA-DR, CD40, and CD86, but lack
the expression of the Langerhans cells (LCs) marker and the monocyte marker
CD14 have the potential to activate T cells and keratinocytes to account for the
progression of disease!® ¢ 7, Moreover, patients with psoriasis showed increased
presence of activated T-cells in skin lesions and PBMCs, the latter pointing to
systemic activation!® °, Flow cytometric analysis of blood showed the relationship
between psoriasis disease severity (guttate, acute and chronic psoriasis) and
different subsets of circulating CLA* T cells?°. Single-cell RNA sequencing of rash-
affected skin from psoriasis patients revealed active proliferative expansion of
the regulatory T cells, tissue-resident memory T cells and exhausted CD8* T cells
with a relative attenuation of antigen-presenting cells, suggesting involvement of
these immune subsets in initiating and maintaining cutaneous inflammation?!- 22,
Moreover, the study in mice model system has clearly shown that locally activated
and proliferating resident T cells are dependent on local TNF-a production, and
are key players during the development of psoriatic lesions?3. Infiltrating T cells
in psoriasis lesions are mainly activated Type 1 T helper (Thl) and Th17 CD4 T
Ce”524' 25, 26.

The advances of high-dimensional imaging mass cytometry (IMC) approach offer
new opportunities to simultaneously investigate diverse skin-resident immune cell
populations of psoriasis with higher resolution than ever before in situ. Previously,
we have developed an IMC-based approach which is able to detect more than 40
different heavy metal isotopes simultaneously, to profile and compare immune
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systemic components and complexity in detail in the tissue context?”: 28 29,

In this study, we applied IMC to skin biopsies from nine psoriasis patients to
define the spatial orientation of the immune cells in the tissue context by a
pixel-based analysis approach in Cytosplore Imaging. Firstly, we determined 16
separate clusters of skin immune population-associated pixels and calculated the
percentage of each pixel-cluster in psoriasis. Here, we observed multiple clusters
of pixels with features of both lymphoid and myeloid cells that were located in
immune aggregates of lesional skin, pointing towards close cell-cell interactions
related to the pro-inflammatory state in psoriatic lesions. Further analysis indicated
the phenotype of the cells involved in these cell-cell interactions and revealed
substantial patient heterogeneity, findings that might relate to psoriasis disease
severity. Overall, our IMC data analysis at the pixel level provides a baseline for
the identification of immune cell subsets, their distribution in situ, as well as their
interactions, information that may be of relevance for the development of more
targeted, patient-specific therapies.

Method

Tissue material

Both lesional and non-lesional skin samples from 9 psoriatic patients recruited by
Pfizer Inc were included in this study. Patients were not receiving any conventional
or biological systemic therapy at the time of sampling. The skin biopsies were
embedded in optimal cutting temperature compound, snap-frozen in isopentane
and stored at -80 °C. Baseline characteristics and disease course of these psoriatic
patients were given in Table 1.

Mass cytometry antibodies preparation

Heavy metal isotope-labelled antibodies are listed in Table 2. Some antibodies
were pre-conjugated (Fluidigm) while others were conjugated in-house with heavy
metal isotopes using the Maxpar Antibody Labeling Kit and protocol (Fluidigm).
The conjugation of antibodies against a-smooth muscle actin (aSMA) and collagen
I with Cisplatin 194 and 198 were performed using a protocol adapted by Schulz
et al®*0. CD31 was labelled with 209Bito using a protocol adapted by Spitzer et al3!.

Imaging Mass Cytometry staining

Imaging mass cytometry staining procedures on snap-frozen tissue were developed
in our previous study?. Based on this the metal-tagged antibodies were used
either for 2 hours at room temperature or overnight at 4°C as indicated in Table
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2. IMC immunostaining was performed on all frozen skin samples from the nine
patients in a single experiment. Tissue sections were dried at room temperature,
followed by fixation with cold 1% paraformaldehyde (PFA) for 30 min at 4° C.
Then, the skin sections were incubated with the first antibody mixture for 2 hours
at room temperature (Table 2). After washing three times for 5 mins with staining
buffer (0.5% BSA, 0.05% Tween in DPBS), the sections were incubated with the
second antibody mixture overnight at 4°C (Table 2). Next, the sections were
washed three times for 5 mins with staining buffer. Finally, the slides were washed
one time for 2 mins with demineralized water, and dried under an air flow.

Imaging mass cytometry data acquisition

The entire skin sections were ablated at 200 Hz on a Helios time-of-flight mass
cytometer coupled to a Hyperion Imaging System (Fluidigm). The Hyperion was
autotuned using a 3-element tuning slide (Fluidigm) as described in the Hyperion
imaging system user guide. The regions of interest (ROIs) per sample were
selected based on hematoxylin and eosin (H&E) stains on consecutive slides.
All raw data were analyzed for marker intensity based on the maximum signal
threshold, defined at the 98th percentile of all pixels in a single ROI using Fluidigm
MCD™ viewer (v1.0.560.2).

Imaging Mass Cytometry data analysis

Cytosplore Imaging facilitated the complete exploration pipeline in an integrated
manner as described previously (Chapter 2). First, ome.TIFF files were exported
from Fluidigm, and we applied the arcsin transformation with a cofactor of five
upon loading the data sets to Cytosplore imaging. Next, we applied HSNE analysis3?
on all pixels from all ROIs which resulted in the clustering of pixels based on the
marker expression profiles. Based on this tissue pixels were distinguished from
background pixels followed by a second HSNE analysis of the tissue pixels to
visualize the structural and cellular components in the skin tissue by projection of
the resulting pixel clusters back onto the tissue section with the imaging viewer.
Finally, we further refined the clustering by focusing on the CD45+4m pixels and
performed a t-SNE analysis for the immune markers. Using this approach, we
could visualize T cells, CD3-CD7* ILCs, B cells, DCs, macrophages and mast cells
simultaneously in a single region. Strikingly, double features pixels were also
identified and able to project onto skin tissue, to emphasize the interaction of
myeloid cell subsets and lymphoid cells.
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Results

Overview of the overall structure of lesional and non-lesional psoriatic
skin by IMC

To survey the spatial distribution of the immune and non-immune compartments,
IMC was performed on snap-frozen psoriatic skin sections using a 41-antibody
panel. This panel contained structural (E-cadherin, Collagen I and a-smooth muscle
actin (aSMA)), stromal (Vimentin and CD31), lymphocyte (CD3, CD20, CD7,
CD4 and CD8a), and myeloid markers (CD11c, HLA-DR, CD207, CD1c, CD206,
CD163) next to markers indicative of cellular differentiation, tissue residency,
and cellular activation. Paired non-lesional and lesional skin samples from nine
patients were included. Hematoxylin and eosin (H&E) staining of the skin samples
(Figure 1A) yielded images that were highly similar to those obtained through of
visualization DNA, Collagen I and aSMA staining by IMC; a representative patient
sample is shown in Figure 1B. A further magnification of the image shows that
the actual IMC image consists out of pixels (Figure 1B, lower images). We next
employed Cytosplore imaging to analyze the expression patterns of all 41 markers
simultaneously at the pixel level.

First we selected tissue-based pixels and performed an HSNE analysis based on
the expression of E-cadherin, CD31, vimentin, Ki-67 and CD45 which yielded five
major clusters of pixels representing the epidermis, vessels, stromal cells in the
dermis, proliferating keratinocytes, and immune cells respectively (Figure 1C,
D). Projection of these clusters back onto the tissue slide revealed the tissue
architecture (Figure 1E), clearly demonstrating the thickening of the epidermis
and an increase of Ki-67* keratinocytes in lesional skin compared to non-lesional
skin. In addition, a significant increase and colocalization of CD31* endothelial
and CD45* immune cells is evident in lesional skin (Figure 1E), while no apparent
differences were observed between the presence of vimentint stromal cells that
were scattered throughout the dermis in both lesional and non-lesional skin
(Figure 1E).

Thus, pixel-based analysis allows the visualization of the immune compartment
within the tissue context.

Figure 1. The histologic analysis of psoriatic skin by H&E and IMC analysis. (A) H&E
staining was performed on skin tissues of a psoriasis patient. (B) Overlay of DNA, Collagen I
and aSMA to visualize the histology of skin by IMC analyzed in MCD™ Viewer. (C-D) Cellular
pixels of skin were selected and clustered in Cytosplore Imaging. Colors represent the
different cellular clusters in (C). Colors represent relative expression of indicated markers
in (D). (E) The main cellular components were projected back onto image in Cytosplore
imaging. Colors represent indicated the various cellular components.
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Immune cellular clusters of non-lesional and lesional psoriatic skin

To demonstrate the spatial organization of the immune cell subsets in situ,
we performed an in-depth analysis of the CD45* immune cell-pixels, this
identified 12 clusters of pixels in psoriatic skin, representing three T cell subsets
(CD3+*CD4*, CD3*CD8a*, CD3*CD4-CD8a~), CD3-CD7* innate lymphoid cells
(ILCs), CD20*HLA-DR* B cells, three DC subsets distinguished by differential
expression of CD207 and CDl1c, two subsets of macrophages (CD206+*CD163*
and CD206*CD163~), and two mast cell sub-populations (CD117+FceRIa* and
CD117-FceRla*) (Figure 2 and S1). Quantification of the number of pixels per
immune cell subset demonstrates a significant increase of CD4 and CD8 T cells,
macrophages and mast cells in lesional skin, while no significant differences were
observed for the DC subsets (Figure 2B-E). The absence of CD45RA on the large
majority of both CD4 and CD8 T cells indicates that these are predominantly
memory T cells. Finally, CD4* T cells were more abundant as compared to CD8*+ T
cells (Figure 2B). Visual inspection of the location of immune subset-specific pixels
indicated that the majority of T cells, macrophages and mast cells were located in
the dermis in both lesional and non-lesional skin samples (Figure 2F-I). Very few
B cell and ILCs specific pixels were observed in both skin samples (Figure S1).
As expected the majority of CD207+CD1c~ pixels, indicative of Langerhans cells,
were located in the epidermis while the large majority dermal DC pixels were
CD207-CD1c* (Figure 2I).

Altogether, pixel analysis can be used to identify and visualize the spatial
distribution of immune cell subsets. Moreover, it allows for unbiased pixel-based
quantification of the presence of such subsets to facilitate the comparison of
psoriatic non-lesional and lesional skin in situ.

Identification of pixel-clusters harboring features of both T and myeloid
cells allow the quantification of immune interaction networks

As the generated images indicated substantial co-localization of T cells with myeloid
cell types in the dermis of the lesional samples from psoriasis patients, we next
aimed to further analyze and quantify such interactions in all patient samples.

Figure 2. Identification and quantification of immune subsets with pixel-based
analysis of IMC images of lesional and non-lesional psoriatic skin samples. (A) A
collective tSNE was performed on CD45+/“m pixels from the non-lesional and lesional skin of a
representative psoriasis patient. Each dot represents a single pixel. Colors represent relative
expression of the indicated immune markers. (B-E) Quantification of each immune subsets
from nine psoriasis patients. (F-I) Display of spatial distribution of the identidied cell types
in the non-lesional and lesional skin of a representative psoriasis patient. Error bars indicate
mean = s.e.m. *P < 0.05, ** P < 0.01, Wilcoxon signed-rank test for comparisons.
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Here, we made use of clusters of pixels that harbored both T cell and myeloid
markers, called double feature pixels hereafter. Figure 3 shows the distribution
of CD3* pixels (red), CD1lc* pixels (green), and CD3*CD1c* double feature
pixels (yellow) in a lesional skin section of a psoriatic patient, demonstrating the
abundance of such double feature pixels in immune aggregates in the dermis.
Further magnification of immune cell infiltrated area’s indicates that these double
feature pixels are predominantly found in between T cells and myeloid cells (Figure
3B) and thus likely represent close interactions between these two cell types.

Three types of double feature pixels could be readily identified in the HSNE-
based pixel analysis pipeline, CD3*CD207+CD1c~ (DCs_01&T), CD3*CD207-
CD1c* (DCs_02&T), and CD3*CD207+CD1c* (DCs_03&T). We next quantified
these double feature pixels in the lesional samples of the nine patients (Figure
4). For this we determined the total number of tissue pixels and the number
of double feature pixels in each tissue sample and used this to calculate the
percentage of double feature pixels (Figure 4A). Here, patients PS#08 and PS#09
had a high frequency of both DCs_02&T (CD3+*CD207-CD1c*) and DCs_03&T
(CD3*CD207+CD1c*) pixels, patients PS#4 and PS#6 had a high frequency of
DCs_02&T pixels only, while the other patients exhibited a low frequency of both
DCs_02&T and DCs_03&T (Figure 4A, B). Two pixel-clusters with features of T
cells and macrophages were also identified in the lesional skin both of which were
present in similar number sin patients samples (Figure 4C, S2). Interestingly, on
patients PS#04, PS#08 and PS#09 a high proportion of pixels harboring features
of T cells and macrophages were observed (Figure 4C).

Thus, pixel-based analysis of psoriasis skin samples allows the identification and
quantification of cell-cell interactions that may underlie patients heterogeneity
and disease severity.

Discussion

Psoriasis is an immune mediated inflammatory skin disease33. In our study,
we analyzed non-lesional and lesional skin from patients with psoriasis to
visualize the skin architecture and characterize the complexity of the innate
and adaptive immune compartment in situ by IMC. Superior to conventional
immunohistochemistry and immunofluorescence, IMC allows the detection of over
40 markers simultaneously. Therefore, the tissue context can be investigated
with a higher resolution, for both the non-immune and immune compartments.
Moreover, we used the in-house developed pixel-based approach, Cytosplore
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E-cadherin CD1c

CD1c+ pixels CD3+CD1c+ pixels

Figure 3. Visualization of double feature pixels indicative of close proximity of T
cells and DCs. (A) Overlay by the staining of CD3 (red) and CD1c (green) in MCD™ Viewer
visualize pixels that are CD3 and CD1c positive (yellow). (B) Magnification of the boxed
areas in (A) with the individual markers as indicated.

Imaging, which was adapted from Cytosplore*"sN€ 32, to visualize the composition
and organization of immune cells for nine psoriasis patients. This allowed the
identification of the various immune subsets in the skin samples. Moreover, the
analysis of pixels harboring feature of both T cell and myeloid cells allowed the
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identification, visualization and quantification of cell-cell interactions that may be
related to disease severity.

Recently, the approaches based on cell segmentation analysis, like Imacyte?
and Histocat** have been developed. Here, the creation of a single cell mask
based on nuclei, cytoplasm/membrane, and background removal is necessary for
each sample to allow for immunophenotyping within the spatial localization and
subsequent neighborhood analysis®*. However, due to differences in immune cell
morphology and cell density variations in tissues, the true signal is frequently
lost during the removal of background noise or cannot be exactly categorized
into cells, particularly in areas where cells are densely packed. Here, pixel-
based analysis provides an alternative that to identify cell subsets and quantify
interactions between those.

Dendritic cells (DCs) are professional antigen presenting cells (APCs), and
crucially involved in the initiation and propagation of adaptive immune responses
to pathogens?¢. Langerhans cells (LCs) are unique as they are the only DC subset
observed in the epidermis in normal skin3®’. During inflammation LCs become
activated and transition through the dermis with differential expression of
langerin, epithelial cell adhesion molecule (EpCam), CD11b and CD103%. Previous
studies in mice models of skin infection identified three subset of skin DCs, LCs,
Langerin (CD207)* dermal DCs, and classic dermal DCs. Here, LCs contribute
to the generation of antigen-specific Th17 cells®. Recent studies have shown
that IL-23 and IL-22 are important mediators in psoriasis skin inflammation3*
40, IL-23-producing macrophages and DCs are involved in the development of
Th17 cells that have differentiated from naive T cells in the presence of IL-6 and
TGF-B*- 42, Moreover, dermal macrophages are increased in psoriasis compared
with normal skin'?, and have been shown to produce inflammatory TNF-a and
inducible nitric oxide synthase (iNOS)!% 43, Moreover, many genes upregulated
in activated macrophages have been found in psoriasis as well, including STAT1,
CXCL9, Mx1, and HLA-DR®, Importantly, treatment with etanercept, a TNF
receptor-immunoglobulin fusion protein, leads to a decrease in the presence of
macrophages in psoriatic skin**. Altogether, the network of DCs and macrophages
interacting with T cells in the skin lesion is a logical target for therapy of psoriasis.

According to the analysis of T and myeloid cells in psoriatic lesion, we identified
three clusters of pixels of pixels harboring features of T cells and DCs based on the
presence of CD3, langerin/CD207 and CD1c, suggesting crosstalk between T cells
and various dermal DCs in the lesion. In addition, CD206+*CD163*/~ macrophages
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Figure 4. Identification and quantification of double feature pixelss in psoriatic
lesions. (A-B) The quantification (A) and visualization (B) of three double feature pixel
classes indicative of interaction between T and DCs in lesional skin samples. (C) The
quantification of two double feature pixel classes indicative of interactions between T cells
and macrophages in lesional skin samples. Colors represent different clusters as indicted.
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were observed to colocalize with T cells in the lesion as well. Moreover, we observed
substantial differences between the patients. A higher presence of pixels indicative
of interaction between T cells and both DCs and macrophages were observed in
patients PS#08 and PS#09, while much less evidence for such interactions was
observed in other patients. However, at present we did not find a correlation
between the clinical scores and our observations (Table 1). Possibly, this could be
due to the fact that the Psoriasis Area and Severity Index (PASI) score is related
to the overall assessment of the patient and may not reflect the actual severity in
the skin lesion region investigated. However, our results indicate that substantial
differences can be detected between patients. Further studies with larger sample
sizes will be needed to explore the possible correlation with disease severity.
Future work will be also required to elucidate the functional profile of the cell
subsets with more advanced IMC antibody panels, mRNA analysis and functional
studies.

Collectively, the current study provides an alternative, pixel-based analysis
method for IMC datasets, especially suitable for tissue samples with densely
packed cells. Moreover, we showed the composition and distribution of immune
subsets in situ for psoriasis patients, and different patterns of colocalization of T
cells and myeloid cells. Our work provided a reference basis to better understand
immune profiling of psoriasis, and may potentially facilitate improved prognosis
and treatment of psoriasis.
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Supplementary information

Tables

Table 1 The clinical characteristics for psoriasis patients/skin lesional samples.

Patient No. Sex Age BSA! PASI?
PS#01 Male 45 6 8.2
PS#02 Female 23 4 7.2
PS#03 Male 34 4 6.3
PS#04 Male 61 7 8.2
PS#05 Male 55 4 5.8
PS#06 Male 69 3 4.2
PS#07 Female 56 5 3.6
PS#08 Male 54 6 9
PS#09 Female 56 5 6.4

'Score of Body Surface Area (BSA) with Psoriasis

2Higher PASI scores representing increasing severity of psoriasis
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Table 2 Imaging mass cytometry antibody panel on the skin samples from psoriasis patients.

Antigen Tag Clone Supplier Dilution [Incubation

1 CD9%4 141 Pr DX22 Biolegend 50 RT

2 CD9%4 141 Pr HP-3D9 BD Biosciences 50 RT

3 CXCR1 152Sm_ [5A12 BD Biosciences 50 RT

4 CD127 158 Gd [R34.34 Beckman 50 RT

5 PD-L1 150Nd SP142 Fluidigm 50 RT

6 CD66b 163Dy 6/40c Biolegend 50 RT

7 PD-1 165Ho EH12.2H7 Fluidigm 50 RT

8 CD45R0O 173Yb UCHL1 Biolegend 50 RT

9 CD56 176Yb NCAM16.2 Fluidigm 50 RT

10 |CD207 148 Nd |4C7 Biolegend 100 RT

11 |CD206 172Yb 19.2 BD Biosciences 100 RT

12 |CD45 89Y HI30 Fluidigm 50 4 °C
13 |CD103 155Gd Ber-ACT8 Biolegend 50 4 °C
14 [CDla 115In 010 Dako 50 4 °C
15 [FceRIa 143Nd AER-37 (CRA-1) |Biolegend 50 4 °C
16 [CD69 144Nd FN50 Fluidigm 50 4 °C
17 |[CD4 145Nd RPA-T4 Fluidigm 50 4 °C
18 |CD8a 146Nd RPA-T8 Fluidigm 50 4 °C
19 |CD117 147Sm _ [104D2 Biolegend 50 4 °C
20 |CD27 149Sm |0323 Biolegend 50 4 °C
21 |CD123 151Eu 6H6 Fluidigm 50 4 °C
22 |CD86 156Gd 1T2.2 Fluidigm 50 4 °C
23 |E-cadherin [159Tb 67A4 Biolegend 50 4 °C
24 |CD172a 160 Gd [15-414 Biolegend 50 4 °C
25 [CD20 161Dy Hi Fluidigm 50 4 °C
26 |CDi1ic 162Dy S-HCL-3 Biolegend 50 4 °C
27 |CD1ic 162Dy Buls Fluidigm 50 4 °C
28 |CDi61 164Dy HP-3G10 Fluidigm 50 4 °C
29 |[Granzyme B [167Er GB11 Fluidigm 50 4 °C
30 [CDic 171Yb L161 Biolegend 50 4 °C
31 |CD25 175Lu 24204 Thermo Fisher 50 4 °C
32 |FOXP3 142Nd 236A/E7 Thermo Fisher 100 4 °C
33 |CD7 153Eu CD7-6B7 Fluidigm 100 4 °C
34 |CD163 154Sm [GHI/61 Fluidigm 100 4 °C
35 |[CD45RA 169Tm HI100 Fluidigm 100 4 °C
36 [CD3 170Er UCHT1 Fluidigm 100 4 °C
37 |CD57 174Yb HNK-1 Biolegend 100 4 °C
38 |[aSMA 194Pt 1A4 CSsT 100 4 °C
39 |[Collagen I 196Pt Polyclonal Millipore 100 4 °C
40 |Vimentin 198Pt WM59 Biolegend 100 4 °C
41 |CD31 209Bi WM59 Biolegend 100 4 °C
42 |Ki-67 166Er D3B5 CST 200 4 °C
43 |HLA-DR 168Er L243 Biolegend 800 4 °C

Cell Signaling Technology (CST)
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Figure S1. Quantification of pixels of CD3-CD7* ILCs and B cells from nine psoriasis
patients and display of spatial distribution on the non-lesional and lesional skin
of a representative psoriasis patient. Error bars indicate mean + s.e.m. ** P < 0.01,
Wilcoxon signed-rank test for comparisons.
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Macrophages_01 & T: CD3+CD206+CD163—

Figure S2. Visualization of two pixel-clusters harboring features of T cells and
macrophages in lesional skin samples from psoriasis patients.
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