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Fig. 1 Distribution of immune cells in skin cell suspensions freshly isolated from 
skin biopsies of psoriatic patients. 

Biopsies were performed on plaques of lesional skin (L = 22 patients) and non lesional 
skin (NL = 7 patients) of psoriatic patients. A, Gating strategy on Aqua/live dead 
negative cells in relation to cell size (FSC); on viable CD45+ hematopoietic cells (right 
panel). B, CD45+ cells (%). C, Intracytoplasmic staining of lesional skin cell 
suspensions using anti–IL-22 mAb, anti–IL-17A mAb, or isotype-matched control mAb 
after gating on CD45+ cells. C: ****P < 0.0001 by unpaired t test (Mann-Whitney). 





Fig. 2 c-Kit+ cells are major IL-22 producers, and CD3+ T cells are the main source 
of IL-17 in psoriatic plaques.

A, IL-22 and IL-17 expression gated on c-Kit+ CD3- and c-Kit- CD3+ cells; %CD3+ 
versus c-Kit+ IL-22+/IL-17+ CD45+ cells. B, Cell-surface versus intracytoplasmic 
staining with anti–IL-22 or anti–IL-17 mAb in relation to c-Kit expression after gating 
on CD45+ cells. A: Data show 1 representative experiment of 5. **P < 0.01 and ****P 
< 0.0001 by unpaired t test (Mann-Whitney).





Fig. 3 Mast cells (c-kit+ FcεRI+ cells) produce IL-22 and IL-17 and express IL-17R 
in psoriatic plaques. 

A, Morphology of fluorescence-activated cell sorting–sorted c-Kit+ FcεRI+ mast cells 
and c-Kit- FcεRI- CD3+ T cells after gating on CD45+ hematopoietic viable cells.  B, IL-
17RA and c-Kit cell-surface expression after gating on c-Kit+ FcεRI+ mast cells and c-
Kit- FcεRI- CD3+ T cells. C, Intracytoplasmic IL-22 and IL-17 production in relation to 
CD127 expression after gating on c-Kit+ FcεRI+ mast cells.  



Fig. 4 Quantification of IL-22 and IL-17 mRNA expression at the single-cell level 
in human mast cells and T cells in skin biopsy specimens of patients with 
psoriasis.

β2-Microglobulin, IL-22, and IL-17 mRNA expression after gating on mast cells (c-
Kit+ FcεRI+ CD3-) and T cells (c-Kit- FcεRI- CD3+) in human psoriatic skin biopsy 
specimens. 



Fig. 5 Psoriatic plaques that persist despite ustekinumab treatment maintain a gene 
expression associated with Th17 comparable to untreated plaques.  

qRT-PCR comparing lesional versus non-lesional skin in both untreated and 
ustekinumab-treated patients with moderate-to-severe psoriatic plaques was performed.  
Normal skin from control subjects without psoriasis was also included. NS: normal skin, 
NL: non-lesional skin, Plaque: lesional skin. *P < 0.05 and **P < 0.01 by paired 
Student’s t-test. 



Fig. 6 CD3-IL-17+ cells are increased in the refractory plaques of ustekinumab-
treated patients.  

Leukocytes were isolated immediately ex-vivo from psoriatic plaques in untreated 
(n=9) vs. ustekinumab-treated (n = 8) patients. A, Expression of IL-17A (below panel) 
and isotype control (upper panel) in relation to CD3 expression. B, Persistence of IL-
17+ CD3+ T cells in plaques from treated patients. C, Significant increase in the 
percentage of IL-17+ CD3- CD45+ cells in ustekinumab-treated patients. **P < 0.01 by 
unpaired t test (Mann-Whitney). 





























Fig. 7 Increased infiltration of Th2 cells in lesional skin of AD relative to psoriasis.  

Single cell suspensions from lesional skin biopsies were prepared from atopic dermatitis 
(AD; skin= 8) and psoriasis (Pso; skin=10) patients. A, Strategy to gate for CRTH2+ and 
CRTH2- CD161+ cells on T cells in skin B, % CD3+ T cells. C, % CRTH2+ and % 
CRTH2- CD161+ gated on CD3+ T cells in skin. Data shown are mean ± SEM. ***P < 
0.001 by unpaired Student’s t-test.





Fig. 8 Cell distribution of T cells in PBMC with AD patient relative to psoriasis. 

Single cell suspensions from blood were prepared from atopic dermatitis (AD; 
blood=10) and psoriasis (Pso; blood=13) patients. A, Strategy to gate for CRTH2+ and 
CRTH2- CD161+ cells on T cells in blood. B, % CD3+ T cells. C, % CRTH2+ and, % 
CRTH2- CD161+ gated on CD3+ T cells in blood. Data shown are mean ± SEM.  





Fig. 9 ILC2s are increased in skin of patients with AD but not psoriasis.
 
A, Gating strategy for ILC2 (CRTH2+), and ILC3 (CRTH2- c-Kit+) subsets in skin. B, % 
ILC (CD45+ CD3- lin- FcεRI- CD127+). C, % ILC2 and, % ILC3 gated on skin ILC. Data 
shown are mean ± SEM (AD=8, Pso=10). Lineage markers included CD1a, CD14, 
CD16, CD19, CD20, CD34 and CD56. *P < 0.05 and ***P <0 .001 by unpaired 
Student’s t-test.  





Fig. 10 Cell distribution of ILCs in PBMC with AD patient relative to psoriasis. 
 
A, Gating strategy for ILC2 (CRTH2+), and ILC3 (CRTH2- c-Kit+) subsets in blood. 
B, % ILC (CD45+ CD3- lin- FcεRI- CD127+). C, % ILC2 and, % ILC3 gated on blood 
ILC. Data shown are mean ± SEM (AD= 10, Pso=13). Lineage markers included CD1a, 
CD14, CD16, CD19, CD20, CD34 and CD56.



Fig. 11 Infiltration of FcεRI+ cells in lesional skin of AD and psoriasis. 

Representative FACS dot plot of frequency (left panel) and % FcεRI+ CD3- cells 
(right panel) in skin (AD; n=8, Pso; n=10).  





Fig. 12 Increased infiltration of FcεRI+ c-kit- cells in lesional skin of AD but not 
psoriasis. 
 
A, Representative FACS dot plot of frequency. B, Frequency of basophils (FcεRI+ c-Kit-

) and mast cells (FcεRI+ c-Kit+) gated on CD3- lin- in skin (AD; n=8, Pso; n=10). C, 
Morphology of FACS sorted CD3- lin- FcεRI+ c-Kit- CD123+ basophil and CD3- lin-

FcεRI+ c-Kit+ mast cell gated on CD45+ cells. Scale bar 10μm. Data shown are mean ± 
SEM. ****P < 0.0001 by unpaired Student’s t-test.  



Fig. 13 Cell distribution of PBMC with basophils in AD relative to psoriasis. 
 
Basophils are identified as CD45+ CD3- lin- FcεRI+ CRTH2+ c-Kit-. Gating strategy for 
basophils in blood (Left panel) and % basophils in blood (right panel; AD= 9, Pso=6). 
Data shown are mean ± SEM. Lineage includes CD1a, CD14, CD16, CD19, CD20, 
CD34 and CD56. 



Fig. 14 Basophils in lesional skin correlate with ILC2s and not ILC3s in AD 
patients. 

Pearson correlation analysis between skin basophils and ILC2 or ILC3 in skin and blood 
of AD (AD n=8).  



Fig. 15 Serum IgE level correlate with circulated Th2 cells in AD patients.  
 
Pearson correlation analysis between IgE and Th2 cells in blood but not skin of AD 
(n=8).



Fig. 16 Infiltrating T cells produce IL-4 and IL-13 in lesional skin of AD but not 
psoriasis without PMA/Iono.  
 
A, Representative FACS dot plot of IL-4 and IL-13 expression by unstimulated T cells 
in skin. B, % IL-4 and IL-13 expression in AD (before; n=7, after; n=6) and Pso (before; 
n=9, after; n=5) by CD3+ T cells. T cells were analyzed for intracytoplasmic IL-4 and 
IL-13 expression before and after stimulation with PMA/Ionomycin for 3 hours. Data 
shown are mean ± SEM. *P < 0.05, **P < 0.01 and ***P < 0.001 by unpaired Student’s 
t-test.



Fig. 17 Basophils detected in lesional skin of AD express IL-4.  
 
Representative FACS dot plot of IL-4 expression by basophil in lesional skin of AD; % 
IL-4 expression by basophils before and after 3 hours PMA/Ionomycin stimulation in 
AD skin (before, n=7; after, n=5).





Fig. 18 Similar frequencies of T cells that express IL-4 and IL-13, ILC that express 
IL-13 and, basophils that express IL-4 are detected in blood of AD and psoriasis.

Cells isolated from PBMC (AD, n=10; Pso, n=10) were analyzed for intracytoplasmic 
IL-4 and IL-13 expression before and after stimulation with PMA/Ionomycin for 3 
hours. % IL-4 and IL-13 expression by A, T cells, B, ILC and C, basophils. Data shown 
are mean ± SEM. ***P < 0.001 and ****P < 0.0001 by paired Student’s t-test. 





Fig. 19 Mast cells (c-kit+ FcεεRI+ cells) are a major source of IL-22 in atopic 

dermatitis. 

Skin and colonic biopsies were collected from patients with atopic dermatitis (AD, n=6), 
psoriasis (PS, n=8), and crohn’s disease (CD) (n=2). A, Intra-cytoplasmic staining of IL-
22 using anti-IL-22 mAb or isotype-matched control mAb after gating on mast cells (c-
Kit+ FcεRI+). B, CD3+ and c-Kit+ IL-22+ cells (%). C, Frequency of IL-22 positive cells 
among mast cells in PS, AD and CD. *P < 0.05 by unpaired t test (Mann-Whitney). 
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Fig. 20 Experimental protocol for immunization with TopoI peptide (TOPOIA)-
loaded dendritic cells and for the treatment of dabigatran in mice. 

For early treatment, dabigatran was administrated after second immunization with 
TOPOIA-loaded dendritic cells (DC) and stopped prior to DC boost. For late treatment, 
dabigatran was given one week before DC boost and continued until experimental 
endpoint.







Fig. 21 Immunization with TOPOIA-loaded DCs induces skin fibrosis in mice. 

At week 12, skin cryosections (5 μm) were assessed for fibrosis by trichrome (Masson) 
stain and measurement of hydroxyproline content. Data are from male skin samples 
from at least 2 independent experiments with n=8 unpulsed DC and n=16 TOPOIA DC. 
Magnification 20 x. Scale bar=100 μm. **P < 0.01 by unpaired Student’s t-test with 
Welch’s correction.





Fig. 22 Immunization with TOPOIA-loaded DCs induces lung fibrosis in mice. 

At week 12, lung cryosections (5 μm) were assessed for peribronchial (open arrows) and 
perivascular (closed arrows) collagen deposition and inflammation by trichrome 
(Masson) stain and measurement of hydroxyproline content. Data are from male lung 
samples from at least 2 independent experiments with n=14 unpulsed DC and n=21 
TOPOIA DC. Magnification 20 x. Scale bar=100 μm. **P < 0.01 by unpaired Student’s 
t-test with Welch’s correction. 



Fig. 23 Immunization with TOPOIA-loaded DCs induces skin fibrosis associated 
with upregulated Col1a1 gene expression in mice.

At week 12, relative skin mRNA gene expression in control and immunized with 
TOPOIA-loaded DCs groups was examined by qRT-PCR. Data shown are mean ± SEM 
and a pool of at least two experiments with n=10 unpulsed DC and n=11 TOPOIA DC. 
*P < 0.05 by unpaired Student’s t-test with Welch’s correction.  



Fig. 24 Immunization with TOPOIA-loaded DCs induces skin fibrosis associated 
with upregulated Sepine1 gene expression in mice.

At week 12, relative skin mRNA gene expression in control and immunized with 
TOPOIA-loaded DCs groups was examined by qRT-PCR. Data shown are mean ± SEM 
and a pool of at least two experiments with n=10 unpulsed DC and n=11 TOPOIA DC. 
*P < 0.05 by unpaired Student’s t-test with Welch’s correction.  



Fig. 25 Immunization with TOPOIA-loaded DCs induces skin fibrosis associated 
with upregulated Rorc and Foxp3 gene expression in mice.

At week 12, relative skin mRNA gene expression in control and immunized with 
TOPOIA-loaded DCs groups was examined by qRT-PCR. Data shown are mean ± SEM 
and a pool of at least two experiments with n=10 unpulsed DC and n=11 TOPOIA DC. 
*P < 0.05 by unpaired Student’s t-test with Welch’s correction.  





Fig. 26 Immunization with TOPOIA-loaded DCs induces skin fibrosis associated 
with upregulated IL-13 and TweakR gene expression in mice.

At week 12, relative skin mRNA gene expression in control and immunized with 
TOPOIA-loaded DCs groups was examined by qRT-PCR. Data shown are mean ± SEM 
and a pool of at least two experiments with n=10 unpulsed DC and n=11 TOPOIA DC. 
*P < 0.05 by unpaired Student’s t-test with Welch’s correction.  





Fig. 27 Dabigatran aggravates skin fibrosis during early treatment in mice.  

At week 12, representative trichrome (Masson) stained skin sections from two 
experiments. Magnification 20x. Scale bar=100 μm. Fibrosis was quantified by 
hydroxyproline assay. Data shown are mean ± SEM and a pool of at least two 
experiments with n=13 control (no dabigatran), n=13 late and n=14 early. *P < 0.05 by 
unpaired Student’s t-test with Welch’s correction.



Fig. 28 Dabigatran treatment aggravates skin fibrosis induced by immunization 
with TOPOIA-loaded DCs with upregulated Col5a1 gene expression in mice.  

At week 12, relative skin mRNA gene expression in control (TOPOIA-loaded DCs), 
late/early administration of dabigatran group was examined by qRT-PCR. Data shown 
are mean ± SEM and qRT-PCR data are from male skin samples from at least 2 
independent experiments with n=7 control (no Dab), n=5 late and n=8 early. *P < 0.05 
and **P < 0.01 by unpaired Student’s t-test with Welch’s correction.   



Fig. 29 Dabigatran treatment aggravates skin fibrosis induced by immunization 
with TOPOIA-loaded DCs with upregulated Timp1 gene expression in mice.  

At week 12, relative skin mRNA gene expression in control (TOPOIA-loaded DCs), 
late/early administration of dabigatran group was examined by qRT-PCR. Data shown 
are mean ± SEM and qRT-PCR data are from male skin samples from at least 2 
independent experiments with n=7 control (no Dab), n=5 late and n=8 early. *P < 0.05 
and **P < 0.01 by unpaired Student’s t-test with Welch’s correction.   





Fig. 30 Dabigatran treatment aggravates skin fibrosis induced by immunization 
with TOPOIA-loaded DCs with upregulated IFNr, IL-4, IL-6, IL-33 and TweakR 
gene expression in mice.  

At week 12, relative skin mRNA gene expression in control (TOPOIA-loaded DCs), 
late/early administration of dabigatran groups was examined by qRT-PCR. Data shown 
are mean ± SEM and qRT-PCR data are from male skin samples from at least 2 
independent experiments with n=7 control (no Dab), n=5 late and n=8 early. *P < 0.05 
by unpaired Student’s t-test with Welch’s correction.    



















  

 
























































